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Outdoor activities at this season cause many minor injuries requiring 
first aid treatment. 









Mercurochrome, H. W. & D., supplies your antiseptic needs. It is 
non-irritating, non-toxic and antiseptic in wounds. It has a background 
of eighteen years’ medical acceptance. 


A Mercurochrome display now will suggest the need of an extra 
supply for first aid kits or camp medicine chests. It will also be a re- 
minder of the seasonal need of other first aid supplies. 


An attractive display card and First Aid booklet 
will be sent to druggists on request. 


Mere wrochrome, AWD 


(dibrom-oxymercuri-fluorescein-sodium) 


Every “H. W. & D.” product is investigated 
and proved chemically, bacteriologically and 
pharmacologically in our laboratories before 
marketing. 





HYNSON, WESTCOTT & DUNNING, INC. 
Baltimore, Maryland wy 
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Pharmacology of Ethyl Thioncarbamate 


By James M. Dille and Paul A. Squier* 


The introduction of sulfur into the mole- 
cule of certain of the barbiturates produces 
more rapid onset of the hypnotic effect. 
This suggests the possibility of introducing 
sulfur into the molecule of other hypnotics 
and this report deals with the preparation 
and pharmacological properties of ethyl 
thioncarbamate which differs from ethyl 
carbamate (urethane) by having a sulfur 
atom replacing the oxygen of the carbonyl 


group. The following formulas show this 
relation : 
: H r H 
A A 
NO—CiHs No—CG:Hs 


Ethyl thioncarbamate 
(Ethyl oxythiocarbamate) 
(Ethyl thionurethane) 


Ethyl carbamate 
(Ethyl urethane) 


The ethyl thioncarbamate was prepared 
by the method of Salomon (1). This method 
depends upon the formation of potassium 
ethyl xanthogenate by the reaction of carbon 
disulfide, potassium hydroxide and ethyl 
alcohol. The potassium is then replaced 
by an ethyl group as a result of reaction with 
ethyl bromide. After washing and drying, 
the resulting sulfocarbonyl-oxyethylsulfethyl 





*From the Department of Pharmacology, Col- 
lege of Pharmacy, University of Washington, 
Seattle, Washington. 


is mixed with alcoholic ammonia, placed in 
an ice bath, and ammonia gas passed 
through it. This yields ethyl mercaptan 
and ethyl thioncarbamate which is secured 
in crystalline form by evaporation of the 
reacting media. The compound was re- 
crystallized from ether and washed with 
petroleum ether. The yield was 35 per cent; 
monoclinic crystals, melting point, 38° C. 
(uncorr.); nitrogen determinations by the 
Kjeldahl method gave 13.80, 13.93 per cent 
(theoretical 13.33, Wheeler and Barnes (2) 
reported 13.02). Ethyl thioncarbamate is 
soluble in water to the extent of 2.3 per 
cent at 22° C. Upon standing in open air, 
it volatilizes. A 25 per cent solution in 
alcohol is stable and was, therefore, used as 
a stock solution. For pharmacological ex- 
periments, this was diluted with water to 
make a 2.5 per cent solution which contained 
10 per cent alcohol. 


This compound was prepared by Salomon 
in 1874 and a paper published by Smith (3) 
in 1893 reports the pharmacological action 
of thioncarbamate and thiolcarbamate. A 
dog after a total dose of 0.5 Gm. of the 
thioncarbamate by mouth became very 
depressed and restless. He ate a little but 
vomited. The next day albumin appeared 
in the urine. The dog became weaker, 
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showed a black tongue and died during the 
following night. Sections of the stomach 
mucosa were red and swollen in the cardiac 
section as were the intestines. The tubules 
and urinary canals of the kidney were partly 
filled with red corpuscles and the entire 
substance of the brain showed vascular de- 
struction, the white matter being sprinkled 
with red. The urine, however, did not have 
the characteristic odor of ethyl thioncarba- 
mate. No thiocyanate was found in the 
urine or kidneys. 

Imase (4) has recently reported that 
phenyl thiourethane depresses the central 
nervous system, slows respiration, lowers 
blood pressure of rabbits and mice and de- 
presses the activity of isolated heart and 
smooth muscle of the intestine and uterus. 
Blood vessels of perfused toad legs and the 
rabbit’s ear dilated with small doses and 
constricted with large amounts. 


EXPERIMENTAL 


Determination of Lethal and Effective Doses.— 
These determinations were made on mixed adult 
albino rats. Injections were all made intraperitone- 
ally. There were complications caused by delayed 
death which occurred even after several days. 

able I shows results of administration of various 


covery in 16 minutes. The lethal dose of ethyl 
urethane was found to be about 2 Gm. per Kg. 
The ethyl thioncarbamate, therefore, is effective 
in much smaller doses than the ethyl urethane. 
The striking thing, however, in these experiments 
was the death which occurred several days after 
the administration of the ethyl thioncarbamate. 


General Effects of Ethyl Thioncarbamate-—Ob- 
servations were now made on cats and rabbits after 
the intravenous injection of various doses of the 
ethyl thioncarbamate. The general effects on cats 
with various doses were as follows: An intravenous 
dose of 100 mg. per Kg. produced immediate loss of 
the righting reflex and disappearance of the pain re- 
sponse. Recovery was very rapid. In two or three 
minutes the righting reflex and cortical responses 
as measured by placement reactions had returned. 
For ten to twelve hours the cat was apparently 
normal although quite restless. Gradual depression 
then set in and death occurred sixty hours after the 
administration of the drug. 

With larger doses of 150 mg. per Kg. there was 
immediate loss of the righting reflex after injection. 
There was also imminent danger of respiratory fail- 
ure, but artificial respiration usually restored this 
function. The righting reflex was lost for about 18 
minutes. Recovery, however, was not complete 
for some time later, but at the end of about 45 
minutes cortical placement reactions were present 
and the animal would eat. From this time on there 
was gradually increasing depression. At 12 hours 
the righting reflex was very sluggish and at 18 hours 
it was absent. Respiration became very slow and 


Table I.—Effect of Various Doses of Ethyl Thioncarbamate on Albino Rats after Introperitoneal 
Administration 
No Number Number 
Dose Losing Righting Dying in Dying in 
mg. per No. of Righting Reflex Lost, Righting Reflex Absent, Less than More than 
Kg Rats Reflex Average Min. Average Min 48 Hours 48 Hours 
200 10 l 1.5 3 a 
250 10 5 1.5 7.5 l 
275 10 9 1.4 24.5 l 
300 16 le 1.4 23.0 l 
325 18 16 1.3 274.1 2 
350 13 11 1.2 144.0 l 
375 10 10 1.05 517.0 2 3° 
400 13 13 1.1 555.0 2 8 
425 13 13 1.0 Not regained 10 3 
450 6 6 1.0 Not regained 6 0 
475 3 3 1.0 Not regained 3 0 
@ One died after 5 days. One died after 7 days 


doses of this compound. Deaths are tabulated in 
two groups: those dying within 48 hours after 
administration and those dying later. The loss of 
righting reflex was taken as the time of onset of the 
hypnotic effect and its reappearance was taken as 
the time of recovery. On this basis an effective 
dose is 275 mg. per Kg. It produces loss of righting 
reflex in 1.5 minutes and recovery in 7.5 minutes. 
A few similar determinations were made with ethyl 
urethane. These showed loss of righting reflex with 
800 mg. per Kg. to take place in 7 minutes and re- 


rectal temperature fell to 24° C. Death occurred 
at the end of 60 to70 hours. Congestion of the vital 
organs was observed and the bladder contained 
bloody urine. 

Doses of 50 mg. per Kg. both intravenously and 
intraperitoneally resulted in a short period of 
depression followed by recovery but subsequently 
death occurred in about 70 hours. With smaller 
doses there was no depression observed and the 
animals generally survived. Rabbits receiving com- 
parable doses showed effects similar to those just 
described for cats. 
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Respiration and Blood Pressure -—Kymographic 
tracings of respiration and blood pressure on cats 
and rabbits anesthetized with ether showed that the 
intravenous administration of 75 mg. per Kg. pro- 
duced stoppage of respiration. Smaller doses 
slowed respiration. This respiratory depression was 
apparently central because after cessation of respira- 
tion it was possible to stimulate the sectioned phrenic 
nerve and observe contraction of the diaphragm. 
The heart continued to beat for some time after 
respiratory failure and it was possible to restore the 
animal by artificial respiration or by the adminstra- 
tion of picrotoxin in adequate doses. 


Except with very small doses, it was found that 
blood pressure fell after intravenous administration 
of the compound. With progressively larger doses 
the fall in blood pressure became greater. For ex- 
ample, in doses of 25 mg. per Kg. the blood pressure 
dropped 15 mm. of mercury, with 50 mg. the fall was 
31 mm., while with 75 mg. the fall was 55mm. The 
blood pressure returned to its original level in about 
three minutes in all of these cases. 

Stimulation of the vagus and cervical sympathetic 
nerves produced characteristic effects on the heart 
and pupil under all conditions of dosage and there- 
fore ethyl thioncarbamate, like urethane, is ap- 
parently without autonomic action. 

Smooth and Cardiac Muscle Experiments.—Ap- 
plication of various concentrations of ethyl thioncar- 
bamate to the smooth muscle of the intestine in an 
isolated tissue bath showed that a concentration of 
1:800 stopped contractions. Recovery took place 
when washed with Ringer’s solution. A 1:1600 solu- 
tion stopped the contractions for 1.5 minutes after 
which they resumed their normal rate. A solution 
of 1:3200 produced relaxation of the muscle for 
about one-quarter of a minute after which the 
rythum was resumed. Rat uterus was relaxed by a 
concentration of 1:800. 

The rate of isolated frog heart was depressed by 
concentrations of 1:200 and stopped in concentra- 
tions of 1:150. In all cases, control experiments 
with equivalent amounts of alcohol showed that the 
alcohol contained in the original stock solution was 
without noticeable effect. 

Pathology —The delayed death described above 
seems most likely due to damage of the various 
tissues. We therefore ran liver function tests 
(bromsulfthalein) and kidney function tests (phenol- 
sulfonphthalein) at various times after the admin- 
istration of the drug. The liver function test made 
on rabbits showed maximum retention of the dye in 
the blood after oral doses of 350, 375 and 400 mg. 
per Kg. 24 hours after administration. With a dose 
of 300 mg. per Kg., the dye was only partially re- 
moved from the blood at the end of 24 hours and not 
completely at the end of 48 hours. The phenol- 
sulfonphthalein test also made on rabbits showed a 
decrease in the excretion of the dye 24 hours after 
the administration of 300 mg. per Kg. All of the 
animals receiving the above doses eventually died. 


Microscopic sections were prepared of liver, kid- 
ney and spleen of a rabbit which was killed 3 days 
after it has received 350 mg. per Kg. by mouth. 
These showed marked destruction of the cells lining 
the tubules of the kidney, the cell walls being rup- 
tured. Liver and spleen sections also showed de- 
generative changes to have taken place. 


DISCUSSION AND CONCLUSIONS 


Investigation of the pharmacology of 
ethyl thioncarbamate indicates that the re- 
placement of oxygen in the carbonyl group 
of ethyl carbamate (urethane) by sulfur 
produces marked changes in the action of 
this compound. The depression produced 
is more rapid in its onset and shorter in its 
duration. This is similar to the changes 
occurring in the action of the barbiturates 
when the carbonyl oxygen is replaced with 
sulfur to form the thiobarbiturates. 

The secondary effects produced by the 
ethyl thioncarbamate are such that the 
compound is definitely contraindicated for 
clinical use. These secondary effects are 
mainly damage to liver and kidney tissue. 
It is possible that these undesirable side 
actions are due to a breakdown product of 
the ethyl thioncarbamate. From the chem- 
istry of the compound, the breakdown pro- 
ducts may be ethyl mercaptan and cyanuric 
acid. However, ethyl mercaptan cannot be 
detected on the exhaled breath of animals 
given the original compound. Another pos- 
sible breakdown product may be thiocyanic 
acid but we were able to verify Smith in not 
being able to detect this in blood or urine. 
However, the presence of a very character- 
istic odor in the breath and also in the tissues 
and urine of animals leads to the belief that 
the original compound does break down in 
the body. Because of the probability that 
the undesirable effects are due to a break 
down product and the possibility that higher 
homologues of this series might not break 
down in the same way, they will be studied, 
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Bioassay of Senna Leaves 
and of the Fluidextract 
of Senna, U.S. P. XI 


By E. Geiger, M.D.* 


The widespread use of senna leaves is 
indicated by the official statistics which 
show that, in 1934, 1,303,386 pounds were 
imported by the United States. In spite of 
the generally satisfactory therapeutic action, 
there are, frequently, complaints in connec- 
tion with this drug. Its disadvantages are: 
the undesirable by-effects, such as consider- 
able gripes and a disagreeable taste which 
makes the infusion unpalatable for many 
individuals. 

Therefore, the pharmaceutical industry 
has endeavored to separate the therapeuti- 
cally active components from the ballast 
substances and to make them into a pala- 
table preparation, so that this laxative can 
be taken, even by sensitive people. This 
has led to the production of the official 
Fluidextract, Syrup, etc., and proprietary 
preparations. However, the results have 
been far from satisfactory, so that the home- 
made infusion from the leaves is still pre- 
ferred to the ready-made preparations. 

During the past several years, we have 
tried to isolate the active substances from 
senna leaves, but we were handicapped by 
the lack of a means to determine the potency 
of the isolated products. We were re- 
stricted to self-experimentation and to re- 
sults reported by healthy volunteers, who 
took the samples. On the whole, these re- 
ports were conflicting and often misleading. 
Hence, we tried to develop an objective 
method for quantitative determination of 
of the activity of senna preparations. Our 
first experiments, performed on isolated 
parts of the digestive tract of different 
animals, were unsuccessful, so we turned 
our attention to living animals and used 
mice for their easy access and handling. 


Earlier authors (1) have experimented on 
mice and their results have been reviewed 
by Munch, (2) who concluded that “the 
assay of cathartics upon mice appears 


* From the Department of Physiology and Phar- 
cology of The Chicago Medical School. 


promising but further study is necessary to 
standardize the technic.”’ 


EXPERIMENTAL 


White mice, weighing 20 to 24 Gm. each, were 
used; but only males as the females usually are more 
expensive. It appears to be unnecessary to use 
animals of the same breed, as we found that mice 
raised in Budapest, Buffalo, Chicago or Milwaukee 
gave almost the same results. 

The most important factor for satisfactory re- 
sults is the temperature of the animal room. Mice 
are very sensitive to low temperatures, and usually 
the first results of exposure to cold is diarrhea. For 
this reason, the temperature of their room must be 
kept above 20° C. 

As the consistency of the stool depends on the 
kind of food fed to the animals, such foods should be 
selected as will result in solid and dry stools. At 
the beginning of the experiments, we fed the mice 
oats with satisfactory results, except that this ex- 
clusive diet reduced the appetite and consequently 
they lost weight. We now feed with Dickinson’s 
“‘Dog-food”” which contains all the necessary in- 
gredients. The stools have the right consistency 
and the animals like this food so that their condi- 
tion is very good, even during prolonged experi- 
ments. 

We thought that, before the experiment, the food 
should be withdrawn, but found that it was not 
satisfactory to starve the mice, even for 5 or 6 hours, 
as their digestive tracts then had varying contents; 
if the starving continued longer than 5 or 6 hours, 
the mice were weakened, and thus the uniformity 
of results was disturbed by the reduced resistance 
of some animals. Now, therefore, we do not starve 
the animals at all, but let them have their food be- 
fore and during the experiment. We only discharge 
their water before the experiment. 

Method.—Move the mice from their cages to in- 
dividual glass beakers of 1-liter capacity. Put two 
layers of filter paper at the bottom of the beaker, 
and, in order to prevent the mice from lifting and 
gnawing the paper, cover it with a round wire mesh, 
the openings of which are 0.5x 0.5cm. After half 
an hour, check the feces of each animal and discharge 
those mice from the experiment which do not have a 
hard stool. However, soft stools are very rarely the 
case and are, usually, a sign of too low a room tem- 
perature. Then introduce 0.5cc. of the senna extract 
or infusion into the stomach of those animals which 
are suited for the experiment. Thiscan be done with 
a tuberculin syringe with an attached blunted needle, 
7 cm. long and No. 16 gage. It is unnecessary to tie 
the mice down as, after some practice, the needle 
can be easily inserted into the stomach, holding the 
mouse in the hand. After introducing the solution 
into the stomach, put the animal back into its 
beaker, give one cube of the ‘“‘Dog-food” and keep 
under control for twelve hours. We consider the 
result as ‘“‘positive’’ if, within this time, the stool 
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becomes pasty and marks the filter paper brown 
by imbibition. 

We ascertained in preliminary experiments, that 
0.5 cc. of water, or 0.5 cc. of 0.2% carbonate solu- 
tion, introduced into the animal’s stomach, did not 
result in diarrhea, but the stool remained solid and 
dry. 

Usually we prepared fresh 5 per cent infusions of 
the senna leaves,' adding 0.4 Gm. of anhydrous 
sodium carbonate to each 5 Gm. of leaves to prevent 
hydrolysis of the glycosides. 

Table I shows that 0.5 cc. of a 5% infusion, diluted 
1:4, causes a cathartic action in approximately 10% 
of the animals. The dilution 1:3 acted on 39% 
and the dilution 1:2 on 86% of them. Table I 
shows also that the same group of animals react in 
the same way, in regard to the percentage of positive 
results, on different days and different groups of 
animals give approximately the same quantitative 
results. Table I shows finally that, after a four days’ 
interval, the animals give again satisfactory results. 

The following experiments (see Table II) show that 
the same group of animals, which were kept under 
observation over a period of three months, give prac- 
tically the same results in weekly performed ex- 


Table I.—Cathartic Action of Senna Infusion 











Percent- 

Group Dilution Number No. of age of 

of of 5% of Positive Positive 

Date Mice Infusion Mice Results Results 
Vv. 8 A 1:2 12 12 100 
V. 29 A 1:2 12 10 83 
VI. 28 A 1:2 12 11 91 
Vv. 22 D 1:2 12 9 75 

v.18 E 1:2 8 6 75% 
V. 29 E 1:2 8 8 100 

VI. 14 +E 1:2 8 6 75% 

Total 72 62 Ave. 86% 

v.18 A 1:3 12 6 50% 

v.24 B 1:3 10 3 30% 
VI. 2 B 1:3 10 4 40 
VI. 12 B 1:3 10 3 30 
V. 28 D 1:3 12 4 33 

VI. 3 E 1:3 8 3 37% 
Vv. 19 F 1:3 12 5 42 

VI 5 F 1:8 12 6 50% 

Total 86 34 Ave. 39% 
VI. 10 A 1:4 12 2 16 
Vv. 15 B 1:4 10 1 10 

VI. 5 D = 1:4 12 1 8% 
VI. 18 E 1:4 8 0 0 

V. 23 F 1:4 12 2 18% 

VI. 20 F 1:4 12 1 8% 

Total 66 7 Ave. 10% 


periments. This proves that the same animals can 
be used for these experiments without their becoming 
over-sensitive or addicted to the drug, providing 
that they are given the necessary rest between each 
experiment. 


1 We obtained senna leaves through the courtesy 
of Dr. Thomas Lewis from S. B. Penick & Co. 
Unless otherwise stipulated, we used ‘‘Alexandria 
Half Leaves,” delivered by this company. 


Table II.—Repeated Experiments on the Same 


Group of Mice 
Percentage 
Group Dilution Number No. of of 
of of 5% of Positive Positive 
Date Mice Infusion Mice Results Results 
x. 9 Cc 1:3 20 8 40 
X. 18 Cc 1:3 20 9 45 
X. 26 c 1:3 20 8 40 
XI. 2 Cc 1:3 19 7 37 
XI. 14 c 1:3 19 6 31 
XI. 23 Cc 1:3 16 7 43 
XII. 4 C 1:3 16 6 37 
XII. il Cc 1:3 15 7 46 
XII. 18 S 1:3 15 8 538% 
Ave. 43% 


The amount of experimental data appears to be 
too small as yet to enable an evaluation of the re- 
sults by means of statistical methods. We are en- 
gaged in further experiments in order to determine 
the limit of error; we are also trying to obtain a 
curve which will enable us to establish the potency 
of the preparation by interpolation. Tables I and 
II show decisively, however, that the described 
method is sufficiently established for practical 
application. 

Practical A pplication.—To determine the potency 
of an unknown senna or its preparation we used, asa 
standard, the 5 per cent infusion made from “‘Alex- 
andria Half Senna” leaves, diluted in water 1:3. 
The potency of the test solution was compared with 
this standard solution. The procedure is as follows: 


Form three groups of 7 to 12 animals each; feed 
these mice for six days as previously referred to. 
Give group A, 0.5 cc. of the standard solution; 
group B, 0.5 cc. of the 1:2 diluted test solution; and 
group C, 0.5 cc. of the 1:4 diluted test solution. 
Four days later, give group B or C the standard 
solution, and the two other groups the test solution 
diluted 2, 2.5, 3 or 4 times, according to the result 
of the preceding experiment, in order to find a dilu- 
tion of the test solution which equals in potency the 
standard solution. 

As an example, we describe here the following 
experiment to establish the potency of senna leaves, 
purchased in a drug store (see Table III). 

Table III shows that the infusion prepared from 
the purchased senna leaves, diluted 1:2.5, is about 
strong as the standard solution, diluted 1:3. This 
means that the tested leaves have approximately 
80% of the potency of the standard leaves. 


In another experiment we purposely mixed 5 Gm. 
of standard leaves with 5 Gm. of leaves already ex- 
tracted and dried (i. e., inactive leaves), and pre- 
pared an infusion from this mixture. The results 
show that the test solution, 1:3 dilution, had no effect; 
the test solution, diluted 1:2, gave 20% and 15% 
positive results, respectively. The undiluted in- 
fusion gave 80% positive results. These results go 
to show that the mixture we used had only approxi- 
mately half of their original activity. 
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Table III.—Bioassay of Senna Leaves 


No. of 
Posi- Percent- 
Group Number tive age of 
of of Re- Positive 
Mice 5% Infusion Mice sults Results 
First Standard dilu- 
test tion 1:3 12 6 50% 
B- Test dilution 
1:2 12 Ss 66% 
C Test dilution 
1:4 12 a 0% 
Cross A Test dilution 
test 1:2.5 12 5 41% 
B Standard dilu- 
tion 1:3 12 4 33% 
C Test dilution 
1:3 12 3 25% 


Examination of Senna Preparations——The pre- 
vious experiments having shown that the mouse 
test is suitable for the bioassay of senna leaves, ex- 
periments were undertaken to prove that these 
methods were suitable also for the extractive prepa- 
rations of senna. 

Fluidextract of Senna, U.S. P. XI, is supposed 
to be prepared in such a way that 1 cc. of the 
Fluidextract is equal to one Gm. of the leaves. As 
shown above the extract of 0.008 Gm. of leaves in 
0.5 cc. of water is the effective dose for 40% of the 
mice of 20 Gm. weight. Therefore, we had to assume 
that 0.5 cc. of the 60-times diluted Fluidextract 
would be the proper cathartic dose. We prepared 
the 1:60, and also a 1:30 dilution of the Fluidextract, 
and administered 0.5 cc. of each to the test animals. 
However, both dilutions were uneffective on the 
mice. 

The Fluidextract contains, according to the label, 
25% of ethyl alcohol, so it was possible that the 
alcohol inhibited the cathartic action of the extract. 
To examine this assumption, we prepared a 5% 
infusion as described above and added to it dif- 
ferent amounts of ethanol in such proportions that 
the mice received 2.5, 2.0, 1.5, 10 and 0.5% ethanol 
in 0.5 cc. of the infusion. 2.5% being the alcohol 
content of a Fluidextract diluted 1:10. 

These experiments revealed that the added alcohol 
in higher concentrations caused a transitory narcosis, 
but did not inhibit the cathartic action. 


Table IV.—Cathartic Action of Infusions 
Containing Ethanol 


Dilution Alcohol- Positive 

of the 5% Content Reaction 

Infusion in % in % Narcosis 
1:3 2.5 50 For 10 min. 
1:3 2.0 40 Mice quiet 
1:3 1.5 40 Mice quiet 
1:3 1.0 30 ,; 
1:3 0.5 50 


As the ethanol-content of the Fluidextract does 
not disturb the biological test, we tried to determine 
the effective concentration of the Fluidextract in the 
following experiments. We gave the animals 0.5 
ec. of the Fluidextract diluted with water in the pro- 
portion of 1:20, 1:15 and 1:10, and found the 1:15 
dilution as active as the 5% standard infusion 


diluted 1:3. As the 0.5 cc. of diluted (1:3) standard 
infusion is equivalent to 0.008 Gm. of leaves, 1 cc. 
of the Fluidextract is equivalent to 0.008 Gm. x 2 x 
15 or 0.24 Gm. of leaves; 7. e., about 25% of the re- 
quired official activity. 

Disconcerted by these results, we presumed at 
first that the fluidextract used in the previous ex- 
periments might have been of a weak batch, or 
reduced in its activity by improper storage. There- 
fore we investigated different fluidextracts, made by 
several manufacturing houses and found that these 
fluidextracts contained only 15 to 25% of the sup- 
posed activity. 

We see from Table V that the fluidextracts ex- 
amined are practically equal in their activity, with 
the exception of C, but far below their expected po- 
tency. The cathartic action of 1 cc. corresponds 


Table V.—Bioassay of Fluidextracts, U. S. P. XI 


=e Percentage 
Number Positive of 
Fluid- of Reaction Positive 
extract Dilution Mice in Results 

A 1:20 10 0 0 
1:15 12 4 33 

1:10 12 10 85 

B 1:20 20 0 0 
1:15 20 4 20 

1:10 20 16 80 

1:5 20 20 100 

ct 1:20 10 0 0 
1:15 20 0 0 

1:10 20 2 10 

1:5 20 6 33 

D 1:20 20 0 0 
1:15 20 Ss 40 

1:1 20 18 90 

E 1:20 12 l 8 
1:15 12 4 33 

1:10 12 1] 92 

F 1:20 20 l 5 
1:15 20 4 20 

1:10 20 17 85 


only with 0.2 to 0.3 Gm. of leaves instead of 1 Gm. 
This result was confirmed by many statements from 
individuals saying that, in order to obtain a cathartic 
action in man, it is necessary to take 15 to 20 cc. of 
the Fluidextract, although we know that, in form of 
an infusion, 2 Gm. of leaves are sufficient. 

Founded on these experiments we assumed that 
the method used for preparing the fluidextract is 
not satisfactory. 

At the beginning of these experiments, we noted 
that the fluidextracts were usually acidic in reaction. 
In experiments with the infusion we have seen, how- 
ever, and in confirmation of Straub's statement, (3) 
that alkaline extracts are more potent, as the active 
glycosides are hydrolyzed at low py. To check this 
influence of the pm Prof. E. N. Gathercoal was kind 
enough to furnish us with a fluidextract of a pn 
7.11, prepared by adding Na-CO, to the menstruum 
thus neutralizing the organic acids of the leaves. 

This extract was stronger than those previously 
tested: 1 cc. corresponds with 0.30 to 0.40 Gm. of 
the leaves. 
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Table VI.—Activity of Alkaline Fluidextract 


Dilution Number No. of Percentage 

of of Positive of Positive 
Fluidextract Mice Results Results 
1:10 10 10 100% 
1:20 20 9 45% 
1:25 20 4 20% 
1:30 20 0 0% 


This experiment shows that it is advisable to use 
an alkaline menstruum for the extraction, in order 
to obtain a fluidextract with a pu higher than 7. 

To ascertain if the relatively low activity of the 
different fluidextracts was due to imperfect ex- 
traction of the leaves, we examined the marc which 
remained after preparing the above tested alkaline 
fluidextract. The infusion made from the dried 
mare was practically without any cathartic effect. 
Thus the active principles were not left in the marc, 
but must have been lost during the process. 

The repeated examination of the alkaline fluidex- 
tract showed a progressive deterioration of activity, 
and thus gave us a clue to the cause of its weak 
potency. This deterioration was accompanied by 
a progressive accumulation of the sediment at the 
bottom of the flask. We separated this sediment 
by centrifugation, dissolved it in water and found 
it very active in the mouse test. 

Experiment 1.—Fifty grams of Fluidextract B (see 
Table V) were centrifuged at 2000 r. p. m. for 10 
minutes. After decanting the fluid, 3.5 Gm. of 
precipitate were collected and dissolved in 30 Gm. 
of water. Each mouse received 0.5 cc. 


Table VIL.— Cathartic Action of the Sediment 


Separated from a Fluidextract 


Number No. of Percentage 

of Positive of Positive 
Dilution Mice Results Results 
1:5 10 10 100% 
1:10 10 S 80% 
1:15 10 3 30% 


The effective dose of the 1:1 dilution corresponds 
to 0.008 Gm. of leaves; therefore the 30 cc. of the 
undiluted solution of precipitate is equivalent to 
7.2 Gm. of leaves. The 50 cc. of fluidextract are 
equivalent to 12 Gm. of leaves (see Table V), 
hence the total activity of fluidextract B existed to 
the extent of about 60% in the precipitate and 40% 
in the decanted fluid. 

Experiment 2.—Forty grams of Fluidextract F 
yielded 3.1 Gm. of precipitate; dissolved in 30 cc. of 
water, 0.5 cc. of the solution (1:10) corresponds to 
0.008 Gm. of the leaves; 3.1 Gm. of the precipitate 
equal 4.8 Gm. of the leaves. 

According to Table V, 40 Gm. of the fluidextract 
equal 9.6 Gm. of the leaves; therefore, 66% of 
total activity is in solution and 33 per cent is in the 
sediment. 

Further experiments revealed that the precipita- 
tion was caused by the ethanol contained in the 
fluidextract; in fluidextracts from which the alcohol 
was eliminated in vacuo, no precipitation occurred. 
We found, further, that when we dissolved the 


sediment no precipitate was formed, but upon add- 
ing ethanol up to 25% a sedimentation again took 
place. From these experiments we conclude that 
the loss of activity is caused by the sedimentation 
of active material through alcohol. 

It also appears interesting that there is a qualita- 
tive difference between the action of the fluidex- 
tract or the infusum and that of the sediment; with 
the former the cathartic action sets in after a latency 
of 4 to 6 hours, but the precipitate acts after a shorter 
time—1 to 2 hours. 

We believe that some griping substances, like 
emodin, which are soluble in 25% ethanol, are re- 
sponsible for delaying the purgative effect. This 
assumption is confirmed by the fact that the watery 
solution of the sed’ment does not show the Born- 
trager reaction, but the fluidextract shows it 
strongly. 

In order to give a further proof, we extracted 10 
Gm. of senna leaves for 12 hours with 100 cc. of 
ethanol and prepared an infusion from the extracted 
and dried leaves. The bioassay of this infusion 
showed that the treatment of the leaves with ethanol 
reduces the activity of the leaves 60 to 70% of the 
original potency. As the ethanol extract did not 
show activity, it was to be assumed that the active 
material has been partly destroyed by the alcohol 
treatment (alcoholysis of the glycosides?). 

After some preliminary experiments we found the 
best way for the preparative extraction to be as 
follows: Treat the leaves with 10 times the amount 
of a mixture of absolute ethanol and methanol 
(70:30), with the addition of one cube of ammonium 
carbonate. This cube dissolves only partly and is 
used for the neutralization of organic acids of the 
leaves. Shake repeatedly, during 12 hours, decant 
the alcohol and remove the remainder of the am- 
monium carbonate cube. Prepare an infusion from 
the dried leaves; this is fully active in spite of the 
previous treatment of the leaves with alcohol. 


Table VIII.—Assay of Alcohol-Treated Leaves 


No. of 
No. of Positive Positive 
Dilution Animals Results in % 
1:4 20 2 10 
1:3 20 8 40 
1:2 20 20 100 


The laxative effect appeared very rapidly in these 
experiments, 7¢. e., after a latency of 1.5 to 2 hours. 
To ascertain that the substancess eliminated by the 
preparatory alcoholic extraction usually delay the 
cathartic effect, we evaporated the alcoholic ex- 
tract of 5 Gm. of leaves in vacuo and dissolved the 
remainder in the infusion, corresponding with 5 Gm. 
of alcohol-extracted leaves. Giving this infusion 
to the mice, the laxative effect appeared only after 
3 to 4 hours. 

These experiments have shown that by alcoholic 
extraction some substances have been actually 
eliminated from the leaves, these being substances 
which delay the purgative action of senna. 
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The preparatory extraction with alcohol had also 
the advantage that some of the unpalatable and bit- 
ter substances are also removed so that the watery 
extract has a pleasant taste. 

On the basis of these experiences, we tried to pre- 
pare a highly active fluidextract through concentra- 
tion of an infusion, made from alcohol-treated 
leaves. The infusion was evaporated to one-fifth 
of its volume in vacuo, so that 1 cc. corresponded to 
0.5 Gm. of leaves. It resulted in a fluidextract of 
syrupy consistency. 

The results of the bioassay of this fluidextract are 
shown in Table IX. 


Table IX.—Assay of Fluidextracts Prepared by a 
Method Discussed in this Paper 


No. of 
Animals Positive Positive 
Extract Dilution Used Results in % 
M* 1:20 12 11 91 
1:30 12 3 25 
1:40 12 1 10 
N 1:20 10 8 80 
1:30 10 3 30 
1:40 10 2 20 
O 1:20 10 9 90 
1:30 10 4 40 
1:40 10 0 0 


As 0.5 ce. of the 1:30 diluted extract equals 0.008 
Gm. of leaves, 0.5 cc. of the undiluted extract is 
equal to 0.24 Gm. of leaves and 1 cc. equals 0.48 Gm. 
of leaves. 

The data of Table IX show that the cathartic 
activity is also practically equal to the potency of 
0.5 Gm. of leaves. This means that the extract 
prepared by the described method contains all of 
the cathartic activity of the original material, so 
that no loss has occurred during the process. 

With the help of the bioassay, we have succeeded 
in showing that the U. S. P. Fluidextract of Senna 
is not satisfactory in activity and that the factors 
responsible for this low activity can easily be 
avoided. 


SUMMARY 


1. A simple method for the bioassay of 
senna leaves and senna preparations is de- 
scribed, based on the cathartic action of the 
senna principles on mice. The amount of 
experimental data obtained till now is not 
sufficient for the statistical evaluation of 
the method; it has been shown, however, 
that the discussed method is quite suitable 
for practical purposes. 

2. With the help of this method, it has 
been shown that the low py and the alco- 
holic content of the U. S. P. Fluidextract of 
Senna diminish the cathartic activity of 
this preparation. 

The author is indebted to Professor E. N. 
Gathercoal of the University of Illinois 
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School of Pharmacy for his helpful interest 
in the present experiments. 
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Absorption and Toxicity of 
Sodium and Potassium 
Thiocyanates* 


By Robert C. Anderson and K. K. Chent 


Since the observation of Pauli (1) in 1903 
that sodium thiocyanate (synonymous with 
sulfocyanate or rhodanate) lowered the 
blood pressure in hypertension, numerous 
clinical reports have appeared in medical 
literature. Table I summarizes the articles 
of American and Canadian origin. Briefly 
speaking, sodium or potassium thiocyanate 
when properly used reduces both systolic 
and diastolic pressures in patients with hy- 
perpiesis, and causes subjective improve- 
ments. Toxic symptoms of various forms, 
however, may occur frequently. Thus ex- 
tensive cutaneous lesions have been re- 
peatedly recorded by Logefeil (7), Weis and 
Ruedemann (25), Ayman (26), Tyrrell (27), 
Baker and Brunsting (28), Green and Snow 
(29), Healy (30) and others. Fatalities have 
been attributed to thiocyanate therapy— 
the latest being described by Healy (30), 
Goldring and Chasis (31) and Garvin (32). 
Weakness and pain resembling angina pec- 
toris were illustrated by Palmer and Sprague 
(33). Careful analysis and classification 
of the various untoward effects from the use 
of thiocyanate were made by Goldring and 
Chasis (31), and particularly by Wald, 
Lindberg and Barker (34). 





* Presented before the Scientific Section, A. PH. 
A., Atlanta meeting, 1939. 

+ From the Lilly Research Laboratories, Eli Lilly 
and Company, Indianapolis. 
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Table I.—Summary of Clinical Results with Thiocyanates for the Treatment of Hypertension, Gathered 
from American Literature 


Salt of Number 
Thiocyanate of Cases 
Author Used Dose Treated Result 
Le Roy (2) Sodium 0.004-0.08 4.i.d. 7 ~ All favorable 
Nichols (3) Sodium 5 grains t.i.d. 12 Effective 
Gager (4 Potassium 1!/, grains t.i.d. 35 Uniformly satisfactory; blood pres- 
sure reduced in all except 3; side 
reactions noted 
Smith and Rudolf (5) Sodium 2'/. grains b.i.d. to 72 Blood pressure of 66 cases lowered; 
5 grains t.i.d. toxic symptoms recorded 
Palmer, Silver and Potassium 1'/, grains once to 59 More than 42% favorable; un- 
White (6) t.i.d. toward but not alarming symp- 
toms mentioned 
Logefeil (7) Potassium 0.32 Gm. t.i.d. 24 Blood pressure of 21 cases reduced; 
no effect in 2; toxic symptoms 
observed 
Fineberg (8) Potassium 1'/,-5 grains t.i.d. 58 With the larger dose, 57% showed a 
drop of blood pressure 
Maguire (9) Potassium 1!/, grains t.i.d. 4 Blood pressure all lowered and 
condition improved 
Borg (10) Sodium or 2-5 grains t.i.d. 24 92% of the cases showed systolic 
potassium drop; only 2 cases failed; toxic 
effects listed 
Ayman (11) Potassium 0.1-0.2 Gm. tid. 26 Large doses caused fall of blood 
or 4.i.d. pressure but with toxic symptoms; 
small doses were ineffective 
Saleeby (12) Potassium 1'/, grains t.i.d. 88 Gratifying in 90% of the cases 
Meakins and Scriver Sodium 4-12 grains daily 7 Blood pressure lowered in 3 cases; 
(13) no effect in others 
Egloff (14) Potassium 0.6-1 Gm. daily 25 Blood pressure lowered only in 2 
or sodium cases; uneffected in 23 
Goldring and Chasis Sodium or 2'/,-25 grains daily 50 = Effective in 31%; toxic manifesta- 
(15), (16) potassium tions in 17% 
Palmer (17) Potassium 1'/;-5 grains once 35 Blood pressure in 31% of the cases; 
to t.i.d. toxic symptoms in 9 cases 
Bolatin (18) Potassium 1'/.-5 grains t.i.d. 99 68.8% improvement in men, 23.5% 
improvement in women; un- 
toward symptoms occurred in 
only 5 patients 
Barker (19) Sodium or 0.3-1 Gm. daily 45 Relief in 35 patients; blood concen- 
potassium tration of thiocyanate emphasized 
oo and Lindauer Potassium 0.3-0.8 Gm. daily 16 Improvement in 10 cases 
20 
Steidl (21) Potassium 0.3-0.8 Gm. daily 3 __ Blood pressure reduced in all 3 
Massie, Ethridge and Sodium 0.2-0.8 Gm. daily 14 + All symptomatically improved; toxic 
O’Hare (22) reactions reported 
Doles (23) Sodium 2'/,-12 grains daily 300 Blood pressure lowered in cases of 
— with macrocytosis of 
R.B.C. 
Doles (24) Sodium 7*/- grains daily 10 All had macrocytosis of R.B.C.; 


blood pressure therefore all re- 
duced 


It was Barker (19), (35) who first advo- 
cated the determination of blood concen- 
tration of thiocyanate as a criterion for the 
safe administration of this potentially toxic 
drug. He found that the optimal concentra- 
tion of the thiocyanate ion in the blood was 
8 to 12 mg. per 100 cc. At such levels, toxic 
reactions were reduced to a minimum, 
while the blood pressure was effectively 
lowered in the majority of cases. The re- 
sults of subsequent workers, such as Griffith, 
Lindauer and Campbell (20), Steidl, Steen- 
ken and Heise (21), Massie, Ethridge and 
O’Hare (22) and Binger (36) apparently all 
supported Barker’s contentions. 


The pharmacology and toxicology of 
thiocyanate up to 1923 were reviewed by 
Hunt (37). The acute lethal doses in ex- 
perimental animals as compiled by Hunt 
are shown in Table II. An interesting fact 
is that thiocyanate normally occurs in 
human saliva, perhaps as a result of detoxifi- 
cation of cyanide split off from digestion of 
proteins. If a small amount of cyanide is 
ingested, it is converted into thiocyanate, 
as demonstrated by Bodansky (38). Thiocy- 
anate is easily absorbed and excreted in 
urine and other body fluids (37). Wallace 
and Brodie (39), (40) concluded that thio- 
cyanate, like the halides, was distributed in 
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Table I1.—Acute Toxicity of Thiocyanates in Animals Recorded in Literature 

Dose, Gm. 
Animal Salt of Thiocyanate Administration per Kg Effect 
Frogs Potassium Oral 0.3 Always fatal 
Frogs Potassium Oral 0.2 Never fatal 
Frogs Potassium By lymph sac 0.25-0.35 Lethal 
Frogs Potassium Intramuscular 0.4 Always fatal 
Frogs Potassium Intramuscular 0.05 Never fatal 
Frogs Potassium Intramuscular 0.1-0.25 Variable 
Pigeons Potassium Subcutaneous 0.5 Lethal 
Pigeons Potassium Intramuscular 0.75 Lethal 
White mice Sodium Subcutaneous 0.4-0.6 Lethal 
White rats Potassium Subcutaneous 1.0 Lethal 
Guinea pigs Potassium, sodium 
or ammonium Oral 0.6-0.8 Death in 4'/, to 24 hrs. 

Guinea pigs Potassium Subcutaneous 0.75 Lethal 
Guinea pigs Sodium Subcutaneous 0.5 Lethal 
Rabbits Potassium Oral 0.5-0.91 Death in 6 hrs. to 4 days 
Rabbits Potassium Oral 1.9 Always fatal 
Rabbits Potassium Oral 0.5 Never fatal 
Rabbits Potassium Subcutaneous 0.55 Always fatal 
Rabbits Potassium Subcutaneous 0.4 Never fatal 
Rabbits Potassium Intravenous 0.15 Always fatal 
Rabbits Potassium Intravenous 0.06 Never fatal 
Rabbits Potassium Intravenous 0.1 Variable 
Rabbits Sodium Intravenous 2.6 Lethal 
Dogs Potassium Intravenous 0.1 Lethal 
Dogs Sodium Intravenous 0.8 Ineffective 





the extracellular fluid. Although sodium 
thiocyanate depressed oxygen consumption 
of liver cells (rats), a concentration of 8 to 
22 mg. per 100 cc. of blood had no effect as 
disclosed by Friend and Robinson (41). 


Apparently the depressor action of small 
doses of thiocyanate per os can be more 
easily demonstrated in patients with hyper- 
tension than in animals with normal blood 
pressure. Its exact mechanism is little 
understood. Takacs (42) believed that it 
was due to vagal stimulation. Doles (23), 
(24) associated it with the chemical reaction 
between thiocyanate and the iron in the en- 
larged erythrocytes. While complete clari- 
fication of the phenomenon must depend 
upon further evidence, the following data 
were obtained to strengthen the toxicological 
knowledge of this drug. 


EXPERIMENTAL 


1. Acute Toxicity—Both sodium and potassium 
thiocyanates were investigated. They were re- 
crystallized from water, and their moisture content 
determined, respectively. The water of crystalliza- 
tion of the sodium constituted 3.525 per cent, and 
that of the potassium salt 0.455 per cent. All the 
doses were calculated according to the anhydrous 
forms. 

As shown in Table III, potassium thiocyanate by 
intravenous injection is more than five times as toxic 
as sodium thiocyanate to mice when their median 
lethal doses (L. D.s) are compared. Clonic convul- 
sions, gasping and deaths occurred within 2 to 3 


minutes with the potassium salt, while the same 
were delayed with the sodium salt for 1 to 3 hours. 
The highly toxic action of the potassium ions upon 
the heart undoubtedly accounted for the difference. 

When given by mouth, the differences in toxicity 
between the two compounds in both mice and rats 
are very slight. Statistically, such differences as 
recorded in Table III are not significant. These 
results substantiate Barker’s statement (19) that 
there was no choice between the sodium and potas- 
sium thiocyanates. Theoretically, however, sodium 
thiocyanate contains 71.63 per cent of SCN~ while 
potassium thiocyanate has 59.76 per cent of SCN7 
ions. 

2. Prolonged Administration—A group of 10 
female rats was each given by mouth 100 mg. of 
sodium thiocyanate per Kg. of body weight, daily 
except Saturdays and Sundays for 12 weeks. A 
similar group was treated with 100 mg. of the potas- 
sium salt per Kg., and a third group was used as 
controls. Before the end of the experiment, 4 rats 
from the control group, 4 from the sodium thiocya- 
nate group and 2 from the potassium thiocyanate 
group died accidentally from aspiration. Figure 1A 
shows the average weight curves of the three groups 
of animals that survived the entire period of 12 
weeks. It is obvious that neither sodium thiocya- 
nate nor potassium thiocyanate inhibited the 
growth of rats. 

The experiment was repeated with double the 
dose of thiocyanates, that is, 200 mg. per Kg., re- 
spectively, in a series of 30 rats divided equally into 
three groups. As in the previous study, the third 
group served as controls. The duration of observa- 
tion in this case was 8 weeks. One rat was lost from 
a broken leg in the potassium thiocyanate group and 
three accidentally from the control group. The three 
average weight curves show a great similarity (Fig. 
1B), indicating that in rats sodium or potassium 
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Table L11.—Acute Toxicity of Sodium and Potassium Thiocyanates in Mice and Rats 


Salt of 
Animal Thiocyanate Administration 
Mice Sodium Intravenous 
Mice Sodium Intravenous 
Mice Sodium Intravenous 
Mice Sodium Intravenous 
Mice Potassium Intravenous 
Mice Potassium Intravenous 
Mice Potassium Intravenous 
Mice Potassium Intravenous 
Mice Sodium Oral 
Mice Sodium Oral 
Mice Sodium Oral 
Mice Sodium Oral 
Mice Potassium Oral 
Mice Potassium Oral 
Mice Potassium Oral 
Mice Potassium Oral 
Rats Sodium Oral 
Rats Sodium Oral 
Rats Sodium Oral 
Rats Sodium Oral 
Rats Potassium Oral 
Rats Potassium Oral 
Rats Potassium Oral 
Rats Potassium Oral 
Rats Potassium Oral 
Rats Potassium Oral 
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Dose, Number Died/ L. Do = S. E., 
mg. per Kg. Number Used mg. per Kg. 
453 0/6 
482 5/7 483.5 = 9.3 
521 4/5 
579 5/5 
49.8 0/5 
74.7 3/10 88.2 = 5.8 
99.5 6/10 
139.4 10/10 
579 2/5 
627 3/5 598.4 = 18.3 
675 5/5 
724 5/5 
547 1/5 
597 3/5 594.4 + 27.0 
647 4/5 
697 4/5 
675 1/5 
772 3/5 764.7 + 50.9 
868 4/5 
965 4/5 
697 1/5 
796 3/5 
896 2/5 854.1 = 66.6 
995 3/5 
1095 4/5 
1195 5/5 


thiocyanate in the daily dosage of 200 mg. per Kg. 
does not impair the animals’ growth. 

A group of 11 dogs was employed for repeated 
medication with thiocyanates by mouth—six of 
which were given various doses of potassium thio- 
cyanate daily except Saturdays and Sundays, and 
the other five different doses of sodium thiocyanate 
in the same manner. Since dogs tend to vomit with 
large doses of thiocyanates, enteric coated tablets 
of both salts were prepared and administered, each 


animal were determined semiweekly or weekly by a 
micromethod to be described in the section on 
absorption. 

According to the chronological data in Table IV, 
it becomes obvious that repeated ingestion of thio- 
cyanate in the dosage of 100 mg. per Kg. or more, 
with one exception, caused a progressive loss of, 
weight, appearance of toxic symptoms such as 
apathy, head-droop, and ataxia, and ultimate death. 


containing 200 mg 
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Fig. 1.—Prolonged Administration of Thiocyanate by Mouth in Rats. 

A. Daily dose of 100 mg. per Kg. for a period of 12 weeks except Saturdays and Sundays. 
The curve through hollow circles represents the average weight of 6 rats on sodium 
thiocyanate, that through solid circles that of 8 animals on potassium thiocyanate, 
and that through triangles that of 6 control rats. 

B. Daily dose of 200 mg. per Kg. for a period of 8 weeks except Saturdays and Sundays. 


The curves have similar designations. 


Ten rats survived with sodium thiocyanate, 


9 with potassium thiocyanate and 7 as controls. 
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was consistently high, exceeding 20 mg. per 100 cc. 
most of the time. Four dogs succumbed in spite of 
withdrawal of the thiocyanate upon the appearance 
of toxic manifestations. Dog numbered 72 was the 
only one that survived 8 doses of 104.2 mg. of potas- 
sium thiocyanate per Kg. of body weight. Its blood 
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concentration of thiocyanate finally surpassed 20 
mg. per 100 cc. until the drug was withdrawn. 
Pathological examination of the dead animals by Dr, 
Paul N. Harris revealed no uniform lesion which 
could account for their death. In fact, the organs 
of the dog numbered 14 appeared normal. 


Table IV.—Prolonged Administration of Thiocyanates in Dogs by Mouth 


Dog Body Dose, 
Num Weight, Salt of mg. per 
ber Sex Date Kg. Thiocyanate Kg. 
14 F 6- 6-39 9.2 Potassium 108.7 
6- 9-39 +; Potassium af 
6-13-39 9.0 Potassium 
6-16-39 Potassium 
63 I 6-— 6-39 11.3 Potassium 106.2 
6- 9-39 Potassium ae 
6-12-39 i Potassium 
6-13-39 10.2 Potassium 
6-16-39 Potassium 
6-21-39 nt Potassium 
6-22-39 9.4 Potassium 
6-23-39 Potassium 
65 F 6- 6-39 6.0 Potassium 100 
6- 9-39 ' Potassium 
6-13-39 5.5 Potassium 
6-16-39 Potassium 
6-21-39 : Potassium 
6-22-39 5.2 Potassium 
6-27-39 4.4 Potassium 
6-28-39 Potassium 
72 F 6- 9-39 9.6 Potassium 104.2 
6-13-39 9.2 Potassium : 
6-16-39 Potassium 
6-21-39 - Potassium 
6-22-39 9.4 Potassium 
6-27-39 9.2 Potassium 
6-30-39 a Potassium 
7- 3-39 8.6 Potassium 
7-— 7-39 ” Potassium 
7-14-39 8.9 Potassium ~_ 
7-17-39 a Potassium 20.8 
7-21-39 8.8 Potassium ; 
7-28-39 9.0 Potassium 
8- 4-39 8.9 Potassium 
8-11-39 8.9 Potassium 
8-17-39 8.8 Potassium 
8-25-39 8.8 Potassium 
9- 1-39 9.2 Potassium 
9- 8-39 9.4 Potassium 
9-15-39 9.1 Potassium 
10- 4-39 9.4 Potassium 
24 F 6-26-39 8.2 Potassium 24.4 
6-30-39 : Potassium 
7- 3-39 7.0 Potassium 
7- 7-39 Potassium 
7-14-39 7.3 Potassium 
7-21-39 7.2 Potassium 
7-28-39 oe Potassium 
8- 4-39 7.1 Potassium 
8-11-39 Fe Potassium 
8-17-39 oe Potassium 


Blood 
Concen- 
tration 
Total asSCN~, 
Amount, mg. per 
Gm, 100 & Remarks 
1.0 te 
3.0 26.0 
5.0 27.0 
8.0 Dead. No pathological lesions 
could be detected 
1.2 
3.6 22.0 Dose withheld; unable to stand 
up 
5 , Drug resumed 
4.8 12.0 
8.4 19.0 In poor condition 
13.2 21.0 In poor condition 
Drug discontinued; unable to 
stand, head drooping, eyes 
glassy 
Dead. Central necrosis and 
multiple cavernous hemangio- 
mata of liver, focal necrosis 
of adrenal cortex, pulmonary 
edema, mucosal polyps of 
stomach 
0.6 ai 
1.8 13.0 
3.0 21.0 
4.8 24.0 
6.6 20.0 
ae Drug discontinued; unsteady 
6.6 31.0 In worse condition 
Dead. Chronic interstitial ne- 
phritis, slight fatty meta- 
morphosis of liver 
1.0 ; 
2.0 14.0 
5.0 22.0 
8.0 23.0 
Drug discontinued for fear of 
toxicity 
8.0 11.0 
8.0 4.0 
8.0 2.0 
“A - Drug resumed 
8.8 5.0 
9.8 6.0 
10.8 8.0 
11.8 6.0 
12.6 4.0 
13.8 
14.8 2.0 
15.8 6.0 
16.8 6.0 Medication stopped 
In excellent condition through. 
out 
0.2 ae 
0.8 7.5 
1.0 ; 
1.8 2.0 
2.8 7.0 
3.8 7.0 
4.8 6.0 
5.8 10.0 
6.8 10.0 
7.8 12.0 
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Table IV (Continued) 


Potassium 
Potassium 
Potassium 
Potassium 
Potassium 


Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 
Potassium 


Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 


Sodium 


Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 


Sodium 
Sodium 
Sodium 


Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 


Sodium 


Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
Sodium 
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Sodium 
Sodium 
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Medication stopped 
In excellent condition through- 
out 


Medication stopped 
In excellent condition through- 
out 


Drug discontinued; wabbly; 
tremors 

Dead. Bronchopneumonia, pul- 
monary edema, emaciation, 
slight cloudy swelling of kid- 
neys, congestion of liver and 


kidneys 


Drug discontinued; ataxia 


Dead. Pulmonary edema and 


congestion, acute purulent 
bronchitis 
Dead. No autopsy was per- 


formed 


Head drooping 

Apparently recovering 

Toxic symptoms appearing 
again 

Dead. Slight cloudy swelling of 
kidneys, fatty metamorphosis 
of liver, congestion of ab- 
dominal viscera 


Medication stopped 
In excellent condition through- 
out 
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Three dogs including the one numbered 72 were 
given small repeated doses of potassium thiocyanate, 
varying from 20.8 to 24.4 mg. per Kg., and two 
other dogs were fed sodium thiocyanate in the daily 
dosage of 23.8 and 31.25 mg. per Kg., respectively. 
As with other animals, medication was omitted on 
Saturdays and Sundays. The dog numbered 25 on 
the larger dose of sodium thiocyanate died in a 
little over 6 weeks. Its blood concentration gradu- 
ally rose from 17 to 34 mg. per 100 cc. Four dogs, 
numbered 6, 24, 32 and 72, therefore, survived more 
than 12 weeks, and were in excellent health when the 
experiment was concluded. Their blood concentra- 
tion at no time exceeded 12 mg. per 100 cc. when 
the small doses were employed. 

The above results perhaps suggest that dogs 
have a relatively similar susceptibility to thio- 


N 





cyanate as men. In any event, they prove the 
correctness of Barker’s contention (19) that blood 
concentration can serve as a criterion of thiocyanate 
therapy. When the blood concentration consistently 
exceeds 20 mg. per 100 cc. or more, dangerous symp- 
toms and finally death ensue. 

3. Absorption.—In Barker’s clinical study of 
thiocyanate in patients, he employed 5-cc. samples 
of serum or plasma (19). In experimental animals 
smaller volumes of blood would be more desirable, 
so that they can be repeatedly bled without harm, A 
micromethod was thus devised based upon the 
principle of Barker’s procedure (19). To determine 
the blood concentration of thiocyanate, a volume of 
14.9 cc. of water was measured to an appropriate 
glass tube, and 0.1 cc. of blood was drawn and mixed 
with it. After hemolysis was complete, 3 cc. of a 
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Fig. 2.—Blood Concentration of Thiocyanate in Rabbits following a 
Single Dose by Mouth. 
A. Rabbit numbered 4371, female, weighing 1.918 Kg. 
B. Rabbit numbered 4372, male, weighing 1.865 Kg. 
C. Rabbit numbered 4373, male, weighing 1.915 Kg. 
D. Rabbit numbered 4374, female, weighing 1.775 Kg. 
The experiment was carried out as a cross-over test. Rabbits 
A and B were first given sodium thiocyanate dispensed in capsules, and 
rabbits C and D, potassium thiocyanate; after one week’s rest, the 
medication was reversed. The dose of each salt was 100 mg. per Kg. 
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30 per cent solution of trichloracetic acid were added 
to precipitate the proteins. The whole was filtered 
in 3 to 5 minutes, and 9 cc. of the filtrate were 
measured into a small test-tube. Upon the addition 
of 1 cc. of a 5 per cent solution of ferric nitrate, an 
amber color developed. It was then examined in an 
electric photometer (photolometer), and the amount 
read off from a curve previously determined with 
known quantities of thiocyanate. 
A study of both sodium and potassium thiocya- 
nates in 14 unanesthetized rabbits revealed that 


j 


when a single dose of 100 mg. per Kg. was admin- 
istered by mouth, it slowly but steadily made its 
presence in the blood stream, reaching the peak in 
about 6 hours or later, and remained in the cir- 
culation for approximately 48 hours. The highest 
level varied from 10 to 16 mg. per 100 cc. as shown 
in Fig. 2, illustrating the results of four cross-over 
tests. If the dose of either the sodium or the potas- 
sium salt was increased to 200 mg. per Kg., the 
maximal blood concentration rose to 20 to 24 mg. 
per 100 cc., and it fell to zero in most cases by the 
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Fig. 3.—Blood Concentration of Thiocyanate in Dogs following a Single Dose by 


Mouth. 


A. Dog numbered 26, female, weighing 6 Kg. 
B. Dog numbered 30, male, weighing 5 Kg. 
C. Dog numbered 31, female, weighing 7.4 Kg. 
D. Dog numbered 36, female, weighing 6.8 Kg. 
Dogs A and B first re- 


The experiment was also one of a cross-over test. 
ceived potassium thiocyanate in form of enteric coated tablets, and dogs C and D 


sodium thiocyanate similarly dispensed; after one week’s rest, the order of drugs 


| 
was reversed. 


The dose in each instance was 100 mg. per Kg. 
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end of 96 hours. The highest concentration in the 
blood after a large dose of potassium thiocyanate, 
that is, 300 mg. per Kg., in 2 rabbits was 24 and 30 
mg. per 100 cc., respectively, and the drug remained 
in the circulation for more than a week. Two other 
animals receiving sodium thiocyanate in the amount 
of 300 mg. per Kg. died on the fifth day. Their 
maximal blood levels of thiocyanate reached 43 and 
46 mg. per 100 cc., respectively. Undoubtedly, 
weight for weight, sodium thiocyanate containing 
more SCN7 ions is potentially more toxic than potas- 
sium thiocyanate. At any rate, these results further 
support Barker’s emphasis (19) that the blood con- 
centration serves as a measure of the toxicity of 
thiocyanate. 

A similar series of cross-over experiments was 
carried out in dogs. On account of vomiting, enteric 
coated tablets of both salts were again employed. 
The dose in each case was 100 mg. per Kg. The 
peak level of blood thiocyanate, as shown in Fig. 
3, occurred in all cases with one exception more 
than 8 hours after the administration of the drug. 
It should be noted that in dogs either compound in 
the dosage of 100 mg. per Kg. remained in the blood 
stream for more than 3 days—longer than in rabbits. 


SUMMARY 


The toxicity of sodium and potassium 
thiocyanates has been studied in experi- 
mental animals. When injected intrave- 
nously in mice the potassium salt is much 
more toxic than the sodium salt; but when 
given by mouth in rats and mice the median 
lethal doses of both compounds are com- 
parable, weight for weight, although the 
sodium salt has a higher content of SCN~ 
ions. 

In rats, daily administration of either 
sodium or potassium thiocyanate in the 
dosage of 100 and 200 mg. per Kg. for 12 
and 8 weeks (except Saturdays and Sun- 
days), respectively, causes no inhibition of 
their growth as evidenced by their weight 
curves. 

Dogs are more susceptible to thiocyanate 
than mice and rats. Daily doses of either 
sodium or potassium thiocyanate equal to 
or exceeding 100 mg. per Kg. produce with 
few exceptions rapid loss of weight, ap- 
pearance of very toxic symptoms and, finally, 
death. Their blood concentration con- 
sistently runs more than 20 mg. per 100 cc. 
No uniform pathological lesions can be 
made out to account for their death. Daily 
doses of 20.8 to 24.4 mg. per Kg. may be 
administered for a period of 12 weeks with- 


out apparent impairment of dogs’ health— 
medication being omitted on Saturdays and 
Sundays. In our series, one dog given 
sodium thiocyanate in the amount of 31.25 
mg. per Kg. died in about 6 weeks after 
the commencement of the drug. Its blood 
concentration of thiocyanate gradually rose 
to 34 mg. per 100 cc. 

A micromethod for the determination of 
blood thiocyanate employing samples of 0.1] 
cc. has been devised. This becomes helpful 
in the study of absorption. 

In rabbits, a single dose of 100 mg. per 
Kg. (either the sodium or the potassium 
salt) gives rise to a maximal blood concen- 
tration of 10 to 16 mg. per 100 cc., and its 
presence in the circulation is no longer de- 
tectable after 48 hrs. A dose of 200 mg. 
per Kg. raises the peak level of blood con- 
centration to 20 to 24 mg. per 100 cc. It 
disappears from the blood stream in approxi- 
mately 4 days. A dose of potassium thio- 
cyanate in the amount of 300 mg. per Kg. 
is followed by a maximal blood concentra- 
tion of 24 to 30 mg. per 100 cc. It remains 
in the blood for more than a week. The 
same dose of sudium thiocyanate kills rab- 
bits after the blood concentration reaches a 
high level of 43 to 46 mg. per 100 cc. 

In dogs, a single Cose of 100 mg. per Kg. 
(either sodium or potassium thiocyanate) 
brings about a maximal blood concentra- 
tion of 12 to 20 mg. per 100 cc. It remains 
in the blood stream for more than 3 days. 

Our results strongly support Barker’s 
advocation that the safety and toxicity of 
thiocyanate can be measured by the de- 
termination of blood concentration. 
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Synergism of Cannabis and 
Butyl-Bromallyl-Barbituric 
Acid 


By S. Loewe* 


Preparations of Cannabis americana, when 
administered alone, do not produce un- 
equivocal effects in the albino mouse (1). 
In studies undertaken to determine whether 
Cannabis gives clearer results when ad- 
ministered in combination with other drugs, 
it was found that no appreciable synergism 
or antagonism results in combinations with 
stimulants, but that Cannabis caused a 
definite depressant action when given with 
a hypnotic. Data on the synergistic action 
of Cannabis preparations and butyl-brom- 
allyl-barbituric acid (Pernoston) from 323 
experiments on adult male mice will be sum- 
marized in this report. Barbital was em- 
ployed as a synergist in 29 additional 
experiments not recorded here, but was 
found to be far less effective. 


EXPERIMENTAL 


The Cannabis preparations were ad- 
ministered by stomach tube followed by the 
hypodermic injection of the hypnotic (0.67% 
aqueous solution of Pernoston Sodium, or 
2% of Barbital Sodium). A highly potent 
purified Cannabis oil was available! which 
yielded a stable aqueous suspension when 
triturated with glucose and _ tragacanth. 
Except for a few exploratory experiments in 
which 45 mg. were used (groups I and VI of 
Table I) Pernoston was uniformly admin- 
istered in the threshold hypnotic dose, 7. e., 
60 mg. per Kg. Cannabis was found ineffec- 
tive to produce any perceptible hypnotic 
action even in high doses, when administered 
alone (groups IIIA and III B), but caused a 
marked increase in the hypnotic effect of 
Pernoston as measured by the period of sup- 
pression of the righting reflex (duration of 
“sleep’’). The relation betweeen the dose 
of Cannabis and the duration of ‘“‘sleep’’ is 


* From the Department of Pharmacology, Cornell 
University Medical College, and the Laboratory of 
the Medical Division, Montefiore Hospital, New 
York. 

1 Through the courtesy of Dr. R. P. Walton; 
origin and potency of this distillate oil are described 
in his paper (3). 


shown in Graph 1, where the individual 
curves represent the average effects produced 
in each group of experiments with different 
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Graph 1. Variations of the Duration of 
Sleep with varied Cannabis Doses.—Incidence 
(per cent of mice of each group; ordinate) 
of the durations (abscissa) of hypnotic action 
of the same pernoston dose when adminis- 


tered alone (-—-—- — = Controls) or com- 
bined with average doses of 22 mg. (——-——), 
74 mg. (——-—), 1380 mg. (.. .) of 


Cannabis Oil or 2000 mg. of Cannabis Extract I 

(----)per Kg. 
amounts of the drug. Further details of the 
various experiments are summarized in 
Table I. 

The Pernoston dose/sleep duration curve 
is relatively steep in the range of dosage 
close to and above 60 mg. per Kg. When 
expressed in Pernoston equivalents, the 
synergistic effects surveyed in Table I fall 
within the range 60 to 90 mg. per Kg. 


nses 


rest 





Duration of Anesthesia 


Graph 2. Increase in Intensity and Duration 
of Corneal Anesthesia in Mice with varied Doses of 
Cannabis. — Ordinate: Number of reflex re- 
sponses to 10 subsequent touches of cornea. Ab- 
scissa: Time interval from administration of 
Cannabis dose.—Each curve represents average 
from 5 experiments with the same Cannabis dose 
(mg. per Kg. = figure at single curve); all ani- 
mals received additional 60 mg. per Kg. Per- 
noston except those of control curve (Ctl.) with 62 
mg. per Kg. Cannabis Oil. 
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Other features of the action of Cannabis 
in combination with Pernoston were: (a) 
the more rapid onset of the hypnotic action, 
and (b) corneal anesthesia. The latter effect 
is comparable to that produced by Cannabis 
indica on the cornea of the rabbit (2). The 
depth of the anesthesia was estimated by 
counting the number of reflex responses to 
ten subsequent touches of the cornea with 
a bristle at regular intervals. However, 
both of these effects require higher doses of 
Cannabis for their production than those 
prolonging the hypnotic sleep. 


when the extract was boiled with water for 
72 hours (see group VIII, Table I). Further- 
more the same relative potencies of Cannabis 
oil and extract I were found in tests in the 
mouse and in the dog: 25 tests in the dog 
showed the extract to have about 1/200 of the 
potency of the oil, and a very similar ratio is 
indicated by the mouse tests in the figures 
given in Table I (compare groups IV and V). 

The minimum dose of Cannabis oil giving 
a distinct effect in the mouse lies between 
10 and 20 mg. per Kg., 7. e., less than 0.4 
mg. per animal; whereas, in the dog test, 


Table I.—Duration of Hypnotic Action after Varied Doses of Cannabis and Pernoston 


Righting Reflex Suppressed for over 
in. 


Dose in mg. per Kg. Number of 50 Min., 70 M 100 Min., 

Experimental Group Cannabis Pernoston Expts. Per Cent Per Cent Per Cent 
I. Control 0 45 10 20 0 0 
II. Control 0 60 68 28 9 4 
IITA. Control 62° 0 10 0 0 0 
IIIB. Control 3400° 0 8 0 0 0 
IV. Cannabis Oil 22¢ 60 36 81 29 10 
Cannabis Oil 74° 60 24 92 71 33 
Cannabis Oil 130¢ 60 18 100 89 78 
V. Cannabis Extract I 1000 60 20 45 15 5 
Cannabis Extract I 2000 60 70 79 51 29 
VI. Cannabis Extract I 2000 45 2) 33 22 11 
VII. Cannabis Extract II 0 60 10 40 20 10 
Cannabis Extract II 1000 60 10 40 0 0 
Cannabis Extract II 2000 60 10 70 20 20 

VIII. Cannabis Extract I, 

72 hr. boiled 2000 60 10 0 0 0 


® Cannabis oil. » Highly potent extract. ¢ Average of doses between 10 and 40 mg., 50 and 82 mg. and 100 and 163 mg. 


per Kg., respectively 


A comparison was made of the action of a 
commercial extract of Cannabis.? This ex- 
tract was found to produce the same syner- 
gistic action, varying with the dosage 
(Table I, groups V and VI). An example 
of the assay of the depressant principle of 
Cannabis on the mouse is shown in group 
VII of Table I. The procedure was applied 
to another lot of the same commercial ex- 
tract (extract II) which was found to have 
approximately the same potency as extract I. 

Proof that the active principle giving the 
mouse response is identical with the un- 
identified narcotic Cannabis principle, as- 
sayed on the dog, requires further investiga- 
tion. Two observations are in favor of this 
assumption: The thermostability of the 
Cannabis principle, as indicated by the dog 
test, is limited, and the same is true of the 
principle revealed in the mouse. The effec- 
tiveness on the mouse was completely lost 





* Kindly furnished by the Commissioner of Nar- 
cotics, Treasury Department, Washington, D. C. 


from 2 to 10 mg. per Kg., or from 10 to 100 
mg. per animal are required. Thus the 
mouse test requires only from 1/25 to 1/250 
of the amount of Cannabis used in the dog 
assay method. 
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Pharmacologic Modification cordingly decided to investigate the action se 
of the Metrazol Convulsion of these substances upon the metrazol con- ” 
vulsion. ae 
By Samuel R. Rosen, John B. Ziegler and par 
Bruce Cominole EXPERIMENTAL 
. Considerable advances have been made Method.—The convulsant metrazol dosage was 
in recent years in the study of convulsive determined for each of seven dogs. This was fol- 
phenomena. Increasing attention has been lowed the next day by the determination of the in. 
centered in the metrazol seizure. This paper ravenous dose of curare requisite for paralysis of 
concerns itself with attempts to modify the the extremities and trunk. The curare effect was 
. , then permitted to wear off. Ona subsequent day 
metrazol convulsion with the purpose of ie nee 
: J f : the paralytic intravenous dose of curare was injected, 
decreasing its usual severity and duration {he previously determined convulsant metrazol dose 
while at the same time preserving its general following immediately upon the development of 
character and form. The resulting milder paralysis. Finally, the same dose of metrazol was 
seizure may eventually have a clinical ap- given separately a day or two later to check against m 
. , as cei hi ‘i level ent of tolerance for the drug. Th : 
plication in view of the reports of fractures “YS 0PmDY Ot eee : phi = 
‘ . procedure was carried out with respect to the 
occurring during metrazol treatment of the Beta-erythroidin hydrochloride. 
psychoses (1), (2), (3), (4), (5). That such Results and Discussion —Table I shows dosage 
lighter convulsions can occur for the most of 10% aqueous metrazol which produced optimal 
part without producing fractures is supported Co"vulstons in the dogs used. ; x. 
. . Attempts to curarize dogs 1 and 2 met with con- 7/2! 
by the roentgenographic studies on an un- . 
bon > ; . : siderable difficulty. The curare produced frequent 7/2! 
published series of twenty epileptics which fecal vomiting, marked salivation, occasional penile 7/26 
vielded no evidence of fracture although all erection, defecation and some clonic twitching of 7/2E 
7/2i 
Table I1.—Dosage Which Produced Optimal Convulsions rit 
Dose -——————_ Seizure— — 8/31 
Dog Sex Weight Metrazol Duration of Intensity of Remarks 8/31 
1 M 33.5 Kg. 6 cc. 1 min. 12 sec. ++++¢ 8/31 
2 M 17.6 Kg. 4 cc. 1 min. 42 sec TTT 
3 M 24.5 Kg. 6 ce. 1 min. 35 sec. TTT os 
4 M 22.9 Kg 5 ce. 2 min. 30 sec. tees 
5 M 12.3 Kg. 3 ce. 2 min. 35 sec. ++++ 
6 F 7.8 Kg. 2 cc. 1 min. 16 sec. TTT 
7 M 15.9 Kg. 4 cc. 1 min. 37 sec. oe Old dog required | 
1 hr. to recover 
@ Above indicates very severe seizure characterized by clonic and tonic convulsions, intense opisthotonos, loud clamping 
of the jaws, etc. Da 
7/27 
of these patients had suffered from grand the extremities. In addition, at this stage in the ex- { 2/97 
mal attacks for at least five vears. periment, the development of increased metrazol / 
fe tolerance made results difficult to interpret. It was 9/2/ 
Curare and Beta-erythroidin hydrochlo- eventually found necessary to use 5 cc. and 10 ce. 
ride! have been used to relieve various spastic of metrazol on dogs 1 and 2, respectively, to get 9/1/: 
conditions (6). The effect is essentially seizures that could be constantly repeated. Table =. 
peripheral, each drug acts apparently by ae results obtained with iy 
. ‘ ‘ : rc . ‘ 
paralysis of the myoneural Junction thus In view of the rather unsatisfactory reactions ob- | 
interfering with the muscular response to tained with this drug, the curare was given up and +4 
stimulation of the motor nerve. It was ac- the Beta-erythroidin hydrochloride was tried in- ; 
; stead. Beta-erythroidin hydrochloride has been 
- shown by Unna working at Merck Institute to be 
From the Department of Neuropsychiatry of ithe more active optical isomer of a number of 
the Albany Hospital and the Department of Physiol- che! : kal m4 evieutiy inventions’ te | 
ogy and Pharmacology, Albany Medical College, ‘TY‘™T™@ alkaloids previously investiga Date 
Union University, Albany, New York. Folkers and Koniuszy (7). This is a substance ob- 8/2/; 
1 Supplies of curare and beta-erythroidin hydro- tained from the seed of the genus Erythrina. It | 8/2) 
chloride were obtained through the courtesy and forms a clear colorless solution as opposed to the 9/5 /s 
kind coéperation of the Merck Institute of Thera-  cyrare solution which contains a number of impuri- 9/5/% 
peutic Research of Rahway, New Jersey. Part of ties Its action upon the myoneural junction is due E 
the Metrazol used was obtained through the cour- : : ay . 9/5/% 
tesy of Bilhuber-Knoll Corporation of Orange, ‘© 4 quaternary ammonium base which it has in 9/5/3 
| 


New Jersey. 


It has the additional ad- 


common with curare. 
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vantage of being easily obtainable in continental 
United States. Although there has been reported 


a marked variability of the effective dose of this 


drug in humans (6) it was found that consistent 
paralysis was obtained in dogs with very little 


Date 
7/5/39 
7/6/39 
7/8/39 
7/10/39 
7/13/39 
7/3/39 
7/5/39 
7/6/39 
7/7/39 


* Opisthotonos absent. 


twitches. 


Date 
7/24/39 


7/25/39 
7/26/39 
7/25/39 
7/27/39 
8/31/39 
8/31/39 
8/31/39 
8/31/39 
8/31/39 


* Animal completely paralyzed. 


— Seizure—— 
Dose Degree of Duration Dose Duration Intensity 
Date Dog Er-HCl Paralysis of Paralysis Metrazol of of Remarks 

7/27/39 2 78 mg. ++++ 16min. 5ce. 3 min. 20sec. ++ Seizure reduced, clonic 
phase almost gone 

7/27/39 l 134 mg. +++44+ 12min. 10cc 1 min. 10 sec. + Very marked diminu- 
tion 

9/2/39 3 95 mg. tye 18 min. 6 cc. Not measured No opisthonus, mild 
clonics, very mild 
seizure 

9/1/39 4 95mg. ++++4 #31 min. 5 ce 1 min. 40 sec. + Only few clonics, very 
mild seizure 

9/2/39 5 55mg. ++++ #ilmin. 3cc. Not measured + #£Mild clonics only 

9/1/39 6 32mg. ++++ 15min. 2cce. 30sec. + Only 2 or 3 seconds 

. with mild clonics 
++ = Opisthotonos absent. 
+ = Opisthotonos absent, clonic phase much weaker. 
Table V.—Results with Metrazol Alone 
Dose of —-——— Seizure —-- 
Date Dog Metrazol Duration of Intensity of Remarks 
8/2/39 2 5 ce. l min. 45sec. +++4+ Severe opisthotonos, 12 sec. with 1 min. 35 sec. 
of severe clonic convulsions 

8/2/39 1 10 cc. 2 min. 27 sec. ++++ Very severe opisthotonos and clonic convulsions 

9/5/39 3 6 cc. 1 min. 30 sec. + +++ Opisthotonos and clonics very severe 7 

9/5/39 4 5 ce. l min. 10sec. ++++ Severe tonic seizure, opisthotonos, clonics, fecal 

vomiting, defecation 
9/5/39 5 3 cc. 2min. 12sec. ++++ Severe tonics, opisthotonos severe clonics 
9/5/39 6 2 ce. l min. 10sec. ++++ Severe tonics, opisthotonos severe clonics 


Dog 


“ID Ur CO DO DO 


Dog 
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variation in dosage. 
III. 
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Results are shown in Table 


It will be seen from Table III that an optimal 


Table IIl.—Disporportionate Results with Dogs 


Dose 
Metrazol 


4.5 cc. 
4.5 cc. 
4.5 cc. 
4.5 cc. 
4.5 cc. 
6.0 ce. 
8.0 ce. 


10.0 ce. 
10.0 ce. 


bOpisthotonos absent, clonic phase much weaker. 


Degree of 
Paralysis 


Dose of 
Curare 
5 mg. 
10 mg. 
15 mg. 
25 mg. 
28 mg. 
8 mg. 
None 
10 mg. 
20 mg. 


dosage of 4 mg. per Kg. weight in dogs was found. 
The desired effect of the drug in this dosage appeared 


Duration of Intensity 
Seizure of Seizure 

1 min. 50 sec. ++ 4- 
1 min. +++4+ 
2 min, +++ 
2 min. 12 sec. +-+° 
2 min. 25 sec. San 
—— ee eee 
ee *. > «Vee 
1 min. 50 sec. need 
2 min. 40 sec. + 


¢ Brief seizure followed by very weak clonic 


Table I1I.—Consistent Paralysis with Little Variation in Dosage 


Dose Er-HCl 
100 mg. (6 mg./Kg.) 
50 mg. (3 mg./Kg.) 
78 mg. (4 mg./Kg.) 
100 mg. (3 mg./Kg.) 
134 mg. (4 mg./Kg.) 
96 mg. (4 mg./Kg.) 
92 mg. (4 mg./Kg.) 
50 mg. (4 mg./Kg.) 
32 mg. (4 mg./Kg.) 
65 mg. (4 mg./Kg.) 


Degree of Time of 

Paralysis Drug Action 
++++°  Ssec. 
No action , 
++++ 15 sec. 
++? 25 sec. 
++++ 50sec. 
t+++t+ 35 sec. 
++++ 5 sec. 
+++ 8 sec. 
TTTT 15 sec. 
++++ 6 sec. 


Duration of 


Paralysis 
27 min, 


16 min. 
4 min. 
10 min. 
5 min. 
13 min. 
7 min. 
4 min. 
Death 


Remarks 
Dog almost died; marked 
respiratory impairment 
No effect 
Completely limp 
Holds head up only 
Completely limp 
Completely limp 
Clonic twitches noted, a few 
Completely limp 
Completely limp 
Very old dog; 
resp. failure 


cataract, 


6 Animal! unable to support weight but can still hold up head or move limbs and tail. 


Table IV.—Results with Convulsant Doses of Metrazol 
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in from 5 to 50 seconds, the average being 19 seconds. 
The duration of paralysis is from 4 to 16 minutes, 
averaging 9 minutes and 10 seconds. The one death 
which occurred can probably be explained on the 
basis of the marked age of the animal. It will be 
noted that the duration of the paralysis is short 
enough to fall entirely within the post-metrazol 
confusion period. The dogs were next erythroid- 
inized and then give previously determined con- 
vulsant doses of metrazol with results shown in 
Table IV: 


The final recheck with metrazol alone to rule out 
the possible development of tolerance to the drug 
in the dosage previously used is given in Table V. 


CONCLUSIONS 


The results as indicated in Table IV show 
that a standard dosage of Beta-erythroidin 
hydrochloride about 4 mg. per Kg. was 
effective in markedly reducing the intensity 
of the metrazol seizure in dogs. The dura- 
tion of the convulsion was variable but in 
the more prolonged instances included 
pauses between brief clonic seizures. In 
general the duration appeared to be de- 
creased. Table V demonstrates the potency 
of the metrazol dosages used with the Beta- 
erythroidin hydrochloride thus proving that 
this drug has a paralytic action upon the 
animals that had received an otherwise con- 
vulsant dose of metrazol. No untoward side 
reactions such as fecal vomiting, defecation, 
etc., were observed. 

Work is now in progress on the application 
of the method to schizophrenic patients. 


SUMMARY 


1. Paralytic doses of curare were given to 
two dogs on successive days without harmful 
effects. The curare, however, was found un- 
satisfactory because of difficulties in stand- 
ardization and undesirable side-actions. The 
same procedure was followed with Beta- 
erythroidin hydrochloride, a substance hav- 
ing a curare-like action. The one death that 
occurred was in an aged dog who had reacted 
very poorly to a metrazol dose on the pre- 
vious day and who died following Beta- 
erythroidin hydrochloride and metrazol. 

2. A previously determined convulsant 
dose of metrazol was given to a series of 
seven dogs already paralyzed by Beta- 
erythroidin hydrochloride. The severity 


and, to some extent, the duration, of the 
metrazol convulsion were drastically ;e- 
duced. 


REFERENCES 


(1) Bennett and Fitzpatrick, Jour. Am. Med. 
Assoc., 112 (1939), 2240. 

(2) Polatin, Friedman, Harris and Horwitz, 
Tbid., 112 (1939), 1684. 

(3) Hamsa and Bennett, Jbid., 112 (1939), 2244. 

(4) von Meduna and Friedman, Jbid., 112 (1939), 
501. 

(5) Somers and Richardson, Am. J. Psychiat., 95 
(1939), 1193. 

(6) Burman, Arch. Neurol. and Psychiat., 41 
(1939), 307. 

(7) Folkers and Koniuszy, J. Am. Chem. Soc., 61 
(1939), 1232. 


Comparative Study of 
Vitamins and Constants 
of Free and Extracted Oils 
from Canned Sockeye 
Salmon*t 

By Arthur W. Steerst and Louis Fischer** 
Canned salmon is recognized as an im- 
portant staple of food and commerce in all 
parts of the world. The world’s output dur- 
ing the last ten years has reached an annual 
average of over ten and a half million cases. 
Every year a portion of the pack is stored 
and the greater part sold prior to the arrival 
of the new pack. It is of immense interest 
to know if the product undergoes any 
changes during this period. This led to the 
inception of a study, which is in progress, of 
the effects of storage upon the oil in canned 
salmon. The present report, however, con- 
cerns an investigation as to the proper pro- 
cedure of removing the oil from the salmon 
and a comparative study of certain properties 
of the free oil (that which drains from the 
salmon upon opening the can) and the ex- 
tracted oil (obtained by ether extraction). 
Of the five species used for canning, sockeye 





* Presented before the Scientific Section, A. Pa. 
A., Atlanta meeting, 1939 

+t A portion of a thesis submitted in partial ful- 
filment of the requirements for the degree of Master 
of Science in Pharmacy, University of Washington, 
1939. 

t Fairchild Scholarship, 1938-1939. 

** Assistant Professor of Pharmaceutical Chemis- 
try, University of Washington, Seattle, Washington. 
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js considered the most important from the 
standpoint of aggregate value and hence 
was selected for this project in preference to 
the others. The two oils were separated by 
definite procedures and a comparative study 
of the vitamin A and D values, together with 
the constants, was made. 

Numerous workers have reported vary- 
ing amounts of vitamin D in salmon body 
oil, and some have found vitamin A to be 
negligible or much lower than the amount 
usually present in cod liver oil. The litera- 
ture reveals that the vitamin content is con- 
siderably higher in the offal oil (that pro- 
duced from waste products, such as livers, 
viscera, cannery trimmings, etc.) than in the 
body oil. A complete review of the litera- 
ture, concerning the vitamin content and 
physical constants would be too voluminous 
for discussion in this paper. However, a 
few of the later reports, involving the body 
oil in which results have been expressed as 
U.S. P. or International units, the two being 
equal in activity to the rat, are given. 

Schmidt-Nielsens (1), 1929, using bio- 
logical methods, reported 20 to 30 U. S. P. 
units of vitamin A and 25 to 50 U. S. P. 
units of vitamin D per Gm., whereas the 
Rosenheim antimony trichloride reaction 
for vitamin A was quite negative. Tolle 
and Nelson (2), 1931, examined the oil from 
all five species of Pacific salmon and con- 
cluded that none of them were a particularly 
good source of vitamin A, but were equal to 
medicinal cod liver oil in vitamin D potency. 

Devaney and Putney (3), 1935, investi- 
gated the vitamin content of the flesh of 
several commercial brands of four different 
species of salmon. They found vitamin A 
to vary from 0.25 to 8.0 and vitamin D from 
1.9 to 8.0 International units per Gm. 

Bailey (4), 1936, found the oil from sock- 
eye and pink salmon to contain from 50 to 
67 International units of vitamin D per 
Gm., and the oil of sockeye salmon to con- 
tain from 2.8 to 3.5 International units of 
vitamin A per Gm. 


EXPERIMENTAL 


SOURCE OF CANNED SALMON 


These samples consisted of sockeye salmon packed 
at the Fishermen’s Packing Corporation cannery, 
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located at Anacortes, Washington. The fish were 
taken from a commercial catch obtained from the 
ocean waters near the Salmon Banks, located off the 
San Juan Islands in Puget Sound, on September 10, 
1938. 

The salmon were examined and found to be in 
perfect condition for canning. The identity of 
each dressed fish was maintained by separately pack- 
ing it into four to six one-pound flat cans, depending 
upon its size, and stamping identification marks upon 
each of these containers. The cans were then proc- 
essed in the same manner as that carried out in 
the cannery. This consisted of clinching the tops 
loosely, removing a greater part of the air by a vac- 
uum machine and then rolling the seams tightly. 
The cans were next cooked in a retort at 240° F. for 
a period of ninety minutes and, upon removal, 
washed thoroughly in a lye solution followed by 
fresh water, and allowed to cool. 

This manner of packing and marking made pos- 
sible the use of the free or extracted oil from the 
entire edible portion of one or more fish in the 
subsequent chemical and biological tests. The 
amount of oil varies greatly in different parts of the 
same fish and it is possible the chemical characteris- 
tics and vitamin content may also vary. By using 
oil from entire fish possible errors due to sectional 
differences were eliminated. 


EXTRACTION AND SEPARATION OF THE OILS 


A. Free Oil for the Vitamin D Assay.—As soon 
as opened, the cans were inverted and the free eil 
allowed to drain for fifteen to twenty seconds. This 
liquid, from fifty cans and representing the entire 
edible portion of ten fish, was combined and the oil 
separated from the aqueous part by use of a separa- 
tory funnel. The oil was filtered into small bottles, 
anhydrous sodium sulfate added, and, after dis- 
placing the air with carbon dioxide, was kept tightly 
stoppered and in a refrigerator. All samples were 
held in a similar manner, and were filtered before 
proceeding with any of the described determinations. 

B. Extracted Oil for Vitamin D Assay.—The 
oil was obtained using a slight modification of a 
method by Stansby and Lemon (5). The solids, 
remaining after tie free oil was removed as previ- 
ously described, were first passed through a meat 
grinder. Two 20-Gm. samples were taken from 
each can and the samples were transferred to eight- 
ounce wide-mouth bottles. Twenty-five grams of 
anhydrous sodium sulfate were mixed thoroughly 
with the flesh, 100 cc. of peroxide-free ether were 
added, and the air displaced with carbon dioxide. 
The bottles were agitated in a shaking machine for 
an hour and the solvent subsequently removed by 
expression through muslin. The ether solution was 
dried with anhydrous sodium sulfate and passed 
through a Jena glass filter. The solvent was evapo- 
rated under reduced pressure and the remaining 
traces of ether were removed by use of a slow stream 
of carbon dioxide. 
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C. Free Oil for Vitamin A Assay and Constants.— 
The method was identical as previously described 
under (A) above, but the composite sample repre- 
sented ninety-six cans from the entire edible portion 
of twenty fish. 

D. Extracted Oil for Vitamin A Assay and Con- 
stants —A composite sample was prepared from 
forty-eight cans, comprising the entire edible portion 
of ten fish, by the following procedure. The free 
liquor was removed from three cans and the ground 
solids were triturated to a powder with 700 Gm. of 
anhydrous sodium sulfate in a large mortar. The 
material was then transferred to a five-liter wide- 
mouth bottle, one liter of peroxide-free ether added, 
the air displaced with carbon dioxide, and shaken at 
intervals for one hour. After decanting the ether 
solution and expressing the solid material through 
muslin the extraction was repeated a second time. 
The combined ether solution was dried with an- 
hydrous sodium sulfate, filtered, and the solvent 
removed as previously described. 


basal diet was supplemented with small amounts of 
lettuce or spinach twice weekly, except to lactating 
does. The young were weaned when they attained 
an average weight of 32 to 35 Gm. and were con- 
tinued on the basal diet until they averaged 45 to 
60 Gm. in weight. They were then transferred to 
the rachitogenic diet No. 2, U. S. P. XI, and main- 
tained on this diet for twenty-one days, at which 
time a satisfactory degree of rickets was developed, 
Litters were then divided into groups; one-half of 
each litter received graded doses of the Standard 
(0.66, 1.33 and 2.66 unit levels daily); the other 
half received graded doses of the salmon oil (10, 20 
and 40 mg. levels daily). Eight animals were used 
for each level in the assay of the extracted oil and 
seven for each level in the assay of the free oil. 
Preliminary work, in which widely varying doses 
were fed to small groups, indicated that the above 
levels would give approximately the desired healing. 
Both oils were diluted with corn oil so that 0.1 ce. 


carried the desired daily dose. This was con- 


Table I.—-Data for Vitamin D Assay of Free Salmon Oi! 


Daily Total Amt. No. 

Feeding of Oil Fed, of 

Sample Level per Rat Rats 
Reference cod liver oil 7 mg. 4 units 7 
Reference cod liver oil 14 mg. & units 6 
Reference cod liver oil 28 mg. 16 units 7 
Free salmon oil 10 mg. 60 mg. 7 
Free salmon oil 20 mg. 120 mg. 7 
Free salmon oil 40mg. _240 mg. 7 
Control 9 


-————Line Test Results—————.. 
No 
Heal- 

Bone ing 1 2 3 4 5 6 Av. 
Ulna _ o 1 1.64 
Radius 5 l 1 
Ulna 1 3 l 1 2.42 
Radius 1 2 2 l 
Ulna 4 1 2 2.86 
Radius l 5 1 
Ulna = £ 1.64 
Radius fiz 
Ulna 3 4 2.64 
Radius 3 3 l 
Ulna 2 3 2 3.22 
Radius l 3 2 l 
Ulna 9 
Radius 8) 


Table II1.—Data for Vitamin D Assay of Extracted Salmon Oil 


Daily Total Amt No 
Feeding of Oil Fed, of 
Sample Level per Rat Rats 

Reference cod liver oil 7 mg. 4 units 8 
Reference cod liver oil 14 mg. 8 units 7 
Reference cod liver oil 28 mg. 16 units 8 
Extracted salmon oil 10 mg. 60 mg. 8 
Extracted salmon oil 20 mg. 120 mg. 7 
Extracted salmon oil 40 mg. 240 mg. 7 


Control 


VITAMIN D BY BIOLOGICAL ASSAY 
Procedure.—The determination of the vitamin D 
content of the free and extracted oils, obtained as 
previously described, was carried out by the bio- 
assay method of the U.S. P. XI. 
The stock colony of albino rats was reared accord- 
ing to the conditions suggested by Russell (6). The 


Line Test Results — 


No 
Heal 
Bone ing 1 2 3 4 ) 6 Av. 
Ulna a. 2s 2. a 2.50 
Radius s,s ws SS 
Ulna l 3 32 1 3.50 
Radius l a @ 1 
Ulna 1 l 4 2 3.94 
Radius >> & @ 
Ulna 1 - on l 2.69 
Radius l l 5 1 
Ulna 4 2 l 3.72 
Radius 2 4 l 
Ulna l 3 l 2 4.72 
Radius l l 3 2 
Ulna 7 
Radius 7 


veniently fed from a one cc. tuberculin syringe using 
a blunt number eighteen needle. After six succes- 
sive daily doses, the animals were killed on the 
eighth day and the line test performed on the distal 
end of the ulna and radius 


Results —The healing of the ulne and radii was 
designated by numerical estimates using a chart 
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drawn up in the laboratories of the Pharmaceutical 
Society of Great Britain for comparison. The final 
results were calculated using a method described by 
Coward (7) and the free oil was found to contain 80 
and the extracted oil 88 U.S. P. units per Gm. 


VITAMIN A BY BIOLOGICAL ASSAY 


Procedure.—The vitamin A content of the free and 
the extracted oil was determined by the method out- 
lined in the U.S. P. XI. The rats used were reared 
as previously described and when individuals of the 
litters averaged 38 to 45 Gm. in weight they were 
put on the vitamin A deficient diet. The U. S. P. 
diet was prepared, using 18 per cent casein freed 
from vitamin A by Todhunter’s method (8). Four 
and one-half per cent FRL Salt Mixture (9) was 
substituted for the designated mixture. The other 
ingredients consisted of corn starch 65 per cent, pure 
corn oil five per cent, Strain L yeast five per cent, 
purchased from the Anheuser-Busch Company, and 
vitamin D in the form of irradiated ergosterol. 

The rats were continued on this diet until they 
were depleted of vitamin A as indicated by declining 
weight, at which time they were divided into groups 
of eight each, equally distributed as to sex and 
weight. Two groups were fed the U. S. P. diet 
supplemented with a daily dosage of 2.0 and 4.0 
units of U. S. P. Reference cod liver oil, previously 
diluted with corn oil so that 0.1 cc. carried the daily 
dose. In the other groups (two for each oil) the 
diet was supplemented with 0.4 cc. and 0.8 cc. each 
of the free and extracted oil. They were given the 
supplement daily (six days a week) for 28 days and 
their final weight recorded on the twenty-ninth day. 
The average increase in weight of each group was 
calculated and the results interpreted as follows 


Table III. 


Data for Vitamin A Assays 


Number Average 
Daily No. Considered Gain 
Feeding o in in 
Sample Level Rats Results® Weight 
Reference 
cod liver 
oil 2 units S 0 
Reference 
cod liver 
oil _* 8 7 36.7 Gm. 
Free 
salmon oil 367 mg 8 0 
Free 
salmon oil 733 “ 8 6 22.4 Gm. 
Extracted 
salmon oil 367 “ 8 7 25.4 
Extracted 
salmon oil 734 “ 8 7 46.4 
Cuntrol he lak 8 S oe = 


® Those gaining more than 12 and less than 60 Gm 


Results 
oil produced somewhat less growth than four units 


A daily dose of 733 mg. of free salmon 


Table IV. 


Sp. Gr. Ref. Index 

a & 20° C 
Free oil 0.9164 1.4783 
Extd. oil 0.9173 1.4783 
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daily of Reference oil. This indicates that the free 
oil contains about 5.5 units per Gm. 

The growth produced by 4 units daily of the 
Reference oil lies about midway between that pro- 
duced by a daily dose of 367 mg. and 734 mg. of 
extracted oil. This would indicate that the ex- 
tracted oil contains about eight units per Gm. 


CONSTANTS OF FREE AND EXTRACTED SALMON OILS 


A comparative study of certain constants of the 
two oils was made by determining these values using 
procedures outlined in the Methods of Analysis of 
the A.O. A.C. Before proceeding with the analy- 
sis, the oils were freed from carbon dioxide by ex- 
posing them in a shallow dish in a vacuum desiccator 
for twenty-four hours. Both samples were analyzed 
in duplicates and the average results listed in Table 
IV. 


DISCUSSION 


The results of the vitamin D assays show 
that the free oil contains 80 units and the 
extracted oil SS units of vitamin D per Gm. 
This compares very favorably with cod liver 
oil which has a minimum of 85 units per 
Gm. Canned salmon is therefore a very 
valuable source of this vitamin. In view 
of the fact that most workers consider the 
vitamin D assay to be accurate within 20 
per cent of the results and a few consider 
it accurate within 10 per cent, the difference 
between the vitamin D values of the two 
oils does not seem to be significant. The 
results have, moreover, been submitted to 
statistical analysis, and it is found that the 
method of Coward (7) shows no significant 
difference in the vitamin D content of the 
two oils. 

The results of the vitamin A assays indi- 
cate that the vitamin content of the free 
and the extracted oils is very low as com- 
pared to cod liver oil. Therefore the re- 
sults were not submitted to statistical analy- 
sis for ascertaining any significant difference 
in the vitamin A values of the two oils. 

The results of the constants agree quite 
favorably with the reports by other investi- 
gators, and indicate only slight differences 
between the free and the extracted oil. In 
the values reported by other workers no 


Chemical Constants of Free and Extracted Oils 


Unsap. Matter, lodine No. Acid 

Sapon. No Per Cent (Hanus) Value 
183.8 0.53 134.5 0.52 
183.3 1.28 131.7 1.48 
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distinction was made between the free and 
the extracted oil with one exception of the 
acid value mentioned later. The specific 
gravity of the free oil, 0.9164, and of the 
extracted oil, 0.9173, indicate only a slight 
variation from the values reported by 
Holmes and Pigott, 0.9196 (10); and 
Truesdail and Boynton, 0.9145 (11). Like- 
wise, the refractive index, 1.4783, for both 
oils compares closely to figures of Truesdail 
and Boynton, 1.4763; and Bailey, 1.4760 
to 1.4775 (4). 

The saponification value for the free oil, 
183.8, and the extracted oil, 183.3, are 
practically the same and hence indicate 
little difference in composition. These values 
vary somewhat from those given by Holmes 
and Pigott, 187.7; and Truesdail and Boyn- 
ton, 168.6. 

A slightly higher amount of unsaturated 
substances is indicated in the free oil by its 
higher iodine number, 134.5. The value 
obtained for the extracted oil was found 
to be 131.7. Other investigators report 
quite wide variations; Holmes and Pigott, 
142.2; Truesdail and Boynton, 160.0; and 
Bailey from 135.7 to 151.5. 

The acid value shows the presence of 
more acidic substances in the extracted oil, 
1.48, than in the free oil, 0.52. This differ- 
ence is accounted for by the removal of 
substances with ether that are titratable 
by alkalies and were previously reported 
on by Brocklesby (12). Holmes and Pigott 
reported 0.7717 per cent free fatty acids; 
Truesdail and Boynton, 0.21 per cent; and 
Bailey gave for the acid value of the free 
oil 0.38 to 0.50 and for the extracted oil 


Slightly more unsaponifiable matter was 
obtained in the extracted oil, 1.23 per cent, 
than in the free oil, 0.53 per cent. This can 
be accounted for by the extraction with 
ether of unsaponifiable substances which 
are removed only with difficulty by the free 
oil. Bailey reported figures for this value 
between 1.10 and 1.21 per cent. 

The differences in the constants found in 
this investigation from those given by other 
workers may be attributed to various factors 
such as time of year, locality where the sal- 
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mon were caught and the method used in 
removing the oil. 


SUMMARY 


The free oil was separated from special 
packs of canned sockeye salmon and the 
remaining oil extracted with ether by 
definite procedures. The vitamin A and 
D content of the two oils was assayed 
biologically using albino rats. 

The vitamin D content of the free oil was 
found to be 80 units and of the extracted 
oil 88 units per Gm. This difference is not 
significant. 

The vitamin A content of both the free 
oil and the extracted oil was very low, ap- 
proximately 5.5 and 8 units per Gm., 
respectively. 

A comparative study of certain constants 
for each oil was made. 
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A Chemical and Pharma- 
cological Comparison 


of the Menthols 


By A. Richard Bliss, Jr.,* and H. Bryson Glasst 


Many users of menthol are unaware of 
the fact that there are several menthols. 
The literature on menthol most commonly 
available is limited chiefly to ‘Menthol, 
U. S. P.,”’ which is defined as ‘“‘An alcohol 
obtained from oil of peppermint or other 
mint oils or prepared synthetically’’ (1). 
In manufacturing quarters the common 
impression is that there are two menthols, 
viz., (a) ‘‘natural menthol’’ and (0) “‘syn- 
thetic menthol,’ and little attention has 
been paid to the fact that there are eight 
possible menthols, and that six of them 
have been isolated and characterized. 

A major objective of the studies herewith 
reported was the determination of any 
measurable differences in the pharmaco- 
dynamic activities and in the toxicities of 
these menthols which might affect their 
employment as ingredients of creams, oint- 
ments, lotions, douches, nasal sprays, mouth 
washes, dusting powders, tooth pastes, 
shaving creams, cough drops, etc. Through 
the courtesy of a manufacturer,’ generous 
supplies of the menthols used in these studies 
were obtained. 

Until recently the world supply of menthol 
was obtained from Japanese peppermint oil 
produced from Mentha arvensis. Accord- 
ing to Trease (2), Japanese peppermint oil 
is derived from M. canadensis, var. piper- 
ascens. Mentha canadensis, having a chro- 
mosome number of 27, is derived from 
M. arvensis (36 chromosomes) and M. 
aquatica (18 chromosomes). According to 
this writer, before the foregoing facts were 
elucidated, the Japanese plant was brought 
to England by Christy, and its affinity to 

. Professor of Pharmacology and Dean of Phar- 
macy, Howard College of Birmingham, Alabama. 

+t Chief Organic Research Chemist, Swann and 


Company. 
1 Swann and Company, Birmingham, Alabama. 


M. arvensis being recognized by Holmes, 
he named it M. arvensis, var. piperascens 
(3), (4). Numerous attempts have been 
made to produce menthol from mint oil 
grown in other parts of the world, but the 
menthol content of these oils is too low to 
permit commercial production. A stereo- 
isomeric menthol, /-menthol is the well- 
known U. S. P. material (1). As a general 
rule, organic compounds containing an 
asymmetric carbon atom which occur in 
plants are found in the optieclly active 
state. Usually, only one stereoisomer of a 
given compound is found. 

Several synthetic menthols have been on 
the market for a number of years, but they 
have not been identical with the natural 
product, being optically inactive and of 
lower melting point than the natural 
product. These synthetic menthols also 
differ greatly from the natural in odor, taste 
and ‘‘cooling effect.” 

A very brief and uninvolved consideration 
of a portion of the chemistry of menthol will 
serve to explain these differences. From the 
constitution of menthol as developed by 
Beckmann, Semmler, Widman and others 
(5), it is evident that menthol contains three 
asymmetric carbon atoms (designated by *) 
as shown in the following structural formula : 


= 
*CH 
> 
H.C CH, 
H.C *CHOH 
bs 
eo 
H 


and is capable, therefore, of existence in 
eight optically active forms, viz.: 








HCH HCH 
H- OH HOH 
H——iso-C;H; H——so-C;H; 
d-, or l-, menthol d-, or l-, neomenthol 
1 1 
H;C pF masedl Yow 
HO “ie H-, OH 
iso-C;H;——H tso-CsHy H 


d- or l-, isomenthol dl-neoisomenthol 
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These forms having the same chemical 
constitution, but differing in the spatial 
arrangement of groups around the asym- 
metric carbon atoms, are known as stereo- 
isomers, or enantiomorphs. Representation 
of three-dimensional figures on paper is 
difficult, but using the conventional dia- 
grams for stereoisomers it is obvious from 
the above that there are eight possible 
menthols. 

Stereoisomers containing one, and only 
one, asymmetric carbon atom show identical 
physical properties in the d- and /-forms, 
also in the di/- (racemic) form, except for 
their effect on plane polarized light. Like- 
wise their chemical reactions are identical. 
Stereoisomers containing fwo, or more, asym- 
metric carbon atoms may differ from each 
other in their physical properties, such as 
melting point, solubility, etc., and their 
rates of reaction are different, although their 
chemical reactions are the same. Vapor 
pressures, however, appear to be indepen- 
dent of configuration in such closely related 
molecules, and therefore their boiling points 
are very close together. 

Of the eight possible menthols, six have 
been isolated and characterized, the re- 
maining two have not been prepared. 


Melting Specific 
Stereoisomer® Point Rotation 
7S [a]p 
d-Menthol 43.0 +50.10 
l-Menthol 43.0 ~49.44 
dl-Menthol 34.0 0.0 
d-Neomenthol —17.0 +19.69 
l-Neomenthol —19.72 
dl-Neomenthol 51.0 0.0 
d-Isomenthol 81.5 +-27 .00 
l-Isomenthol 80.5 —24.10 
dl-Isomenthol 53.5 0.0 
® See (5). 


Ordinarily when an asymmetric carbon 
atom is formed, outside of living matter, the 
chance of the two possible configurations is 
equal, and the resulting compound is a 
racemic mixture of the d- and /-forms. 
Because of this fact synthesis of menthol 
from derivatives of benzene (thymol, cresol, 
etc.) produce a mixture of stereoisomers 
from which it is impractical to isolate any 
single isomer. At least one such mixture 
of menthols has been on the market for a 
number of years and is optically inactive. 


The use of a d- or /-form of an optically 
active raw material in organic syntheses 
usually results in a so-called “asymmetric 
synthesis” in which the stereoisomers of the 
resulting compound (containing a mew 
asymmetric carbon atom) are formed jin 
unequal amounts. Thus, by using d- 
citronellal as the raw material for menthol] 
a mixture of three menthols, instead of 
eight, is obtained. It is a fortunate fact 
that /-menthol is one of the three produced, 
and even more fortunate that the amount 
of /-menthol is greater than the amount of 
the other two isomers combined. It is 
because of this fact of fortune that the syn- 
theses of /-menthol is possible. 

Synthetic Menthol Process.—By the distil- 
lation of citronella oil, d-citronellal (3,7- 
dimethyloctene-7-al) is obtained and serves 
as the raw material for the synthesis of U. 
S. P. or /-menthol. This aldehyde is then 
made to undergo an intramolecular aldol con- 
densation, involving a hydrogen atom alpha 
to an ethylenic linkage (6), (7), (8), (9), (10). 

The tso-pulegols so obtained are converted 
into a mixture of menthols by hydrogena- 
tion over nickel. From this mixture of 
menthols, predominantly /-menthol, has 
been isolated d-neomenthol and d-isomen- 
thol. The crude material has an optical 
rotation of from —17° to — 19°. By suitable 
esterification of this material the /-menthol 
is removed as a solid from the liquid menthyl 
esters. This separation is never complete 
due to the solubility of the /-menthyl ester 
in the liquid esters, even at temperatures 
well below 0°. 

The /-menthy] ester is recrystallized from 
alcohol to remove traces of other menthyl 
esters adhering to the crystal surfaces. The 
l-menthol is then regenerated by hydrolyzing 
with caustic soda, washed with hot water, 
and, after drying, distilled. In this way 
l-menthol having a melting point of 42.5° 
and [a|p —48° to —49° is obtained. Since 
this material solidifies to a mass of hard, 
very fine crystals, it is necessary to put it 
into the customary form of large needle- 
like crystals by recrystallizing it from a 
hydrocarbon solvent (the use of an alcohol 
as the solvent produces very fine, long 
needles). 
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The liquid menthyl esters, as an un- 
separated mixture, are then hydrolyzed 
with caustic soda to give a mixture of l- 
menthol, d-isomenthol and d-neomenthol. 
These menthols have been isolated from 
the mixture and obtained in a pure state. 
None of the other five isomers has been 
detected. This is not surprising inasmuch 
as the original asymmetric carbon atom 


R—CH—(CH;)—CH:—CHO of the raw 
material has not been involved in any struc- 
tural change during the synthesis. Since 
optical rotation measurements are additive 
it is reasonable to assume, though not cer- 
tain, that this mixture of menthols is made 
up of equal amounts of the three stereo- 
isomers which have been isolated from the 
mixture originally obtained. A mixture of 
equal parts of the three pure stereoisomers 
should give an optical rotation of [a]p 
whereas the actual mixture ob- 
tained in the production of /-menthol has a 
rotation of [a]p —2° to —4°. 

Comparison of the Three Stereoisomers.— 
The differences in physical properties may 
be seen from the table given. It is interest- 
ing to observe the difference in odors of the 
three stereoisomers; d-tsomenthol has a 
slightly camphor-like odor, almost odor- 
less; d-neomenthol has a musty, choking 
odor; /-menthol has a clean, “‘lifting’’ odor 
very much like that of growing mint plants, 
quite different from that of the natural 
menthol from Japan. The Japanese men- 
thol is crystallized from the natural mint 
oil,? and very appreciable quantities adhere 
to, and are occluded by, the menthol crys- 
tals. The odor of the Japanese menthol 
can be reproduced very closely by spraying 
l-menthol with approximately 0.03% of its 
weight of mint oil. 

The esterification rate of d-neomenthol is 
much slower than that of /]-menthol. Under 
identical conditions of temperature and con- 
centration, /-menthol shows 43.4% esterifi- 
cation while d-neomenthol shows 41.2%. 
Upon continuing the reaction for several 
hours /-menthol gives 66.5% esterification, 
whereas d-neomenthol gives only 53.4%. 
2 The following compounds have been identified 
from mint oil: pinene, limonene, cadinene, phel- 


landrene, menthone, menthyl acetate, tsovaleric 
aldehyde and acid, cineol, etc. 


—2.75°, 
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Complete esterification can be obtained 
by using high concentrations of the reacting 
acid and protracted times of reaction. 


EXPERIMENTAL 


The Menthols Studied.— 

Menthol A: U.S. P. Menthol obtained from oil of 
peppermint. 

Menthol B: Synthetic U. S. P. Menthol or /- 
menthol. 


Menthol C: Liquid menthol consisting of approx- 
imately 66% of /-menthol, 16% of d-neomenthol 
and 16% of d-tsomenthol. 

Menthol D: Liquid menthol “Extra” consisting 
of approximately equal quantities of /-menthol, 
d-neomenthol and d-isomenthol. 


Menthol E: Menthol 30° obtained from liquid 
menthol, ‘“‘Extra” by distillation, and consisting 
principally of /-menthol and d-isomenthol con- 
taminated with a small amount of d-neomenthol. 
Observed rotation, —11°. 


Menthol F: Liquid menthol consisting of a small 
amount of d-neomenthol mixed with /-menthol and 
d-isomenthol. Observed rotation, —5.5°. 


Menthol G: d-Neomenthol. 


Menthol H: d-Isomenthol. 

Effects on Human Skin.—Forty-three subjects of 
both sexes, ranging in age from 17 years to 45 years, 
and representing the various types of complexion 
and skin textures, were employed. Each menthol, 
in the form of a 20% solution in olive oil, was ap- 
plied by brisk inunction for 15 minutes to the fore- 
arms of the subjects. Carefully measured quan- 
tities of the oily solutions were applied so that the 
quantitative factors were exactly the same. The 
subjects were unaware of the identity of the menthol 
each individual employed in each experiment. 


The intensity, rapidity of development and dura- 
tion of (a) hyperemia, (b) a burning or smarting 
sensation, (c) a sensation of coolness and (d) partial 
anesthesia or numbness were employed as the bases 
of comparison because of the fact that these are the 
effects upon which the use of menthol in the types 
of preparations referred to above depend. 


Menthols A, B and C produced in the vast ma- 
jority of subjects a more rapidly appearing, intense 
and lasting sensation of coolness, followed by a some- 
what greater degree of numbness than with the 
other menthols; and the smarting sensation and 
hyperemia produced were slightly less intense and 
lasting, and developed somewhat more slowly than 
the other samples. Between menthol A and men- 
thol B, on the one hand, and menthol C, on the other, 
the oily solutions of this menthol concentration 
demonstrated practically no estimable differences. 

In the cases of menthols D, E, F, G and H, the 
results obtained presented the reverse in intensity, 
rapidity of development and duration of action 
when compared with menthols A, B and C, in that 
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a smarting sensation accompanied by hyperemia 
appeared more rapidly, and were more intense and 
of longer duration; whereas the cooling sensation 
and subsequent numbness appeared more latent and 
of lesser intensity and duration. 

In no case did the local irritation pass beyond the 
rubefacient stage. It was noted that the youngest 
subjects, the females, those with soft finer skin 
textures, especially the blonde subjects, were more 
susceptible, and that with these types the hyperemia 
and smarting sensation were somewhat more pro- 
nounced, but consistent among the members of the 
same types and ages; this applied also to the dura- 
tion of these actions. Urinalyses were made in the 
cases of a portion of the subjects in order to deter- 
mine whether any of the menthols had been absorbed 
from the oily solutions applied to the skin; the 
results were all negative. 

Effects on Human Nasal and Oral Mucous Mem- 
branes —Sixteen subjects of both sexes were em- 
ployed. The menthol were 
applied separately in the form of (a) a 0.5% solution 
in light liquid petrolatum, (+) a 0.2% solution in 
the same solvent and (c) a 0.1% solution in physio 
logical salt solution, by means of a dropper or atomizer 
to the nasal passages, and the solutions permitted 
to run down into the throat. Applications were 
made three times a day, and two-day periods were 
permitted to elapse between the application periods 
in order to insure complete recovery from any ef- 
fects produced by previous applications. The same 
quantities of each of the solutions were used by all 
subjects. 


several samples of 


The 0.5% solutions of all the menthols in light 
liquid petrolatum were all irritating to the nasal 
and mucous membranes of all subjects, although 
menthols A, B and C appeared to be a trifle less 
irritating than the others to several of the subjects. 
In the cases of the 0.2% solutions of the menthols in 
light liquid petrolatum, menthols A, B and C were 
non-irritating or almost non-irritating with most of 
the subjects; the remainder, D, FE, F, G and H, 
seemed to be slightly irritating to most of the sub- 
jects. The 0.1% aqueous solutions were non-irri- 
tating to most of the subjects in the cases of menthols 
A, B, C and F, but somewhat slightly irritating in 
the cases of the other menthols. 

The Toxicities on Albino Rats.—Pure bred, healthy 
albino rats, which were kept on the standard diet 
throughout the experimentation, were used. Equal 
numbers of the sexes were employed, and at least 
six adult rats of approximately the same age were 
employed in each individual experiment. Accu- 
rately prepared solutions of the menthols in U. S. P. 
olive oil were injected, and the quantities in mg. 
per Gm. of rat required to produce marked 
symptoms of poisoning, as well as the quantities 
required to insure death, were determined and 
compared. All of the menthols studied are capable 
of producing the characteristic symptoms of poison- 
ing when administered in adequate dosage, and will 
produce death when fatal quantities are injected. 


All samples produced the same types of symptoms, 
In the event the toxic dose was not too large (4 mg. 
per Gm. of rat body weight), the animals recovered. 
The differences in rapidity of action and in toxic 
doses were rather slight. Toxic symptoms appeared 
somewhat more slowly with menthols A, B and C 
From a quantitative standpoint, menthols A, B, 
C, D, E, F and G seemed to be very slightly less 
toxic than menthol //. 

The Toxicities on Rabbits.—Healthy adult rabbits 
of approximately the same age and weight were 
employed. Equal numbers of both sexes were used, 
and all animals were kept on the standard diet. 
The intravenous injection of the several menthols 
was followed by practically the same effects in each 
case, there being very little measurable qualitative 
or quantitative differences among the menthols 
studied. 

From the results observed in the cases of human 
subjects and the experimental animals employed, 
it appears that from a practical standpoint there is 
very little measurable difference in the toxicity of 
the several menthols investigated; they appear to 
be identical qualitatively, and even in the case of 
menthol H, as compared with the others, the quan- 
titative difference in toxicity is very slight. In less 
than lethal doses there is very little difference. 
Practically no significance can be attached to the 
differences observed in the cases of both types of 
experimental animals. 

From the observed effects on the human skin it 
appears that these menthols are qualitatively equal; 
but that in the event the “cooling effect’’ is of 
major importance in a preparation, menthols A, 
B and C possess a slight advantage over the others; 
and in the event the local irritant properties are of 
major importance, menthols D, E, F, G and H 
possess at least a slight theoretical advantage 

In view of the fact that there is an interesting 
difference in the costs of the several menthols 
studied, it is obvious that the manufacturer who is 
interested in this item will investigate the practical 
adaptability of these menthols to his individual 
needs. 
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The Isolation and Identifica- 
tion of Alpha- and Beta- 
Amyrin from the Bark of 

Viburnum Opulus* 


By J. L. Powerst and W. E. Powers 


In the course of a chemical examination of 
the bark of Viburnum opulus,' a consider- 
able quantity of a wax-like material soluble 
in petroleum ether (b. p. 60-75°) was ob- 
tained. This, upon saponification and sub- 
sequent removal of the soap, yielded a 
yellowish colored unsaponifiable portion 
amounting to nearly 50% of the weight of 
the wax. The unsaponifiable portion, after 
several recrystallizations from alcohol, with 
the aid of charcoal, became nearly colorless, 
but did not possess a reasonably sharp 
melting point. This material produced the 
characteristic color reactions of sterols 
(1), (2), (3), (4). However, the quantity ob- 
tained seemed to preclude the possibility of 
its consisting entirely of a mixture of sterols. 

Attempts to make a separation of the 
material through fractional crystallization 
of the acetates or benzoates were unsuccess- 
ful. Finally digitonin was used to precipi- 
tate all sterols precipitable by that reagent. 
The fraction which was not precipitated by 
the digitonin, as was expected, constituted 
the major portion of the mixture. It now 
melted at 165-172°, even after many re- 
crystallizations from various solvents. After 
several attempts to make a further separa- 
tion, it was found that after benzoylating 
the mixture a separation could be made by 
means of low-boiling petroleum ether (b. p. 
30-40°). Two benzoates, one melting at 


* Presented before the Scientific Section, A. Pr. 
A., Atlanta meeting, 1939. 

+ From the University of Michigan, College of 
Pharmacy. 

1 This investigation was made possible by a grant 
from the Faculty Research Fund of the University 
of Michigan. 
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194-195° and constituting the major por- 
tion, and the other melting at 230-232° and 
constituting the minor portion, were ob- 
tained. The first benzoate upon hydrolysis 
yielded an alcohol melting at 182-184°; 
the second, an alcohol melting at 191-193°. 
Carbon and hydrogen determinations upon 
the alcohols and upon the benzoates indi- 
cated that probably both alcohols possessed 
the formula CyoHsO. It seemed reason- 
able to expect that these might be known 
compounds, and it was found that the physi- 
cal and chemical properties of the first 
isomer were in fairly close agreement with 
those given in the literature for a-amyrin, 
while the properties of the second were in 
close agreement with those given for B- 
amyrin. Moreover, it was found that 
apparently the best method of separation of 
the mixed amyrins was that described by 
Horrmann and Firzlaff (5), through the 
benzoates by means of pentane. 

In order to test the correctness of the 
assumption that both a- and #-amyrin 
were present in Viburnum opulus bark, 
these compounds were isolated from Manila 
Elemi Gum,’ converted into the correspond- 
ing acetates, benzoates and nitrobenzoates, 
and compared with corresponding deriva- 
tives of the alcohols obtained from the bark 
of Viburnum opulus. The alcohols and 
derivatives of them from both sources were 
quite similar in physical and chemical 
properties, and it is believed that Viburnum 
opulus bark undoubtedly contains both 
amyrins. 

The amyrins were first obtained from 
Elemi Gum by Rose (6), and were first 
separated into two modifications by Vester- 
berg (7) through fractional crystallization 
of the acetates from ligroin. More recent 
work, relating to the structure of the amy- 
rins, has been done by Ruzika (8), (9), Brun- 
ner (10), Dieterle and Salomon (11), Rollett 
(12) and others (5), (13), (14), (15). Despite 
the extensive literature on the amyrins, 
there is little to indicate that they are widely 
distributed in plants. They have been 
reported as constituents of Asclepias syriaca 
(16), of the latex from the milk tree, Bros- 


? Purchased from the S. B. Penick Company. 
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miun galactodendron (17) and of Mulberry 
bark (18). It therefore seems of some 
interest that the amyrins have been found in 
the bark of Viburnum opulus. 


EXPERIMENTAL 


Isolation of Mixed Amyrins from Viburnum Opulus 
Bark.*—Eight kilograms of the coarsely powdered 
bark were exhausted by extraction with 95% al- 
cohol in a Lloyd extraction apparatus. The ex- 
tract was concentrated toa syrup-like consistence 
weighing 1850 Gm. This concentrate was then 
extracted several times with 750-cc. portions of 
petroleum ether (b. p. 60-75°). The petroleum 
ether extracts were combined, and the solvent was 
removed by distillation, leaving a residue which 
weighed 235 Gm. Saponification value, 99.32, 
102.5; iodine number 55.11, 56.96. 

Two hundred grams of the petroleum ether extract 
were heated during six hours on a steam bath under 
a reflux condenser, with 1 L. of an 8% alcoholic 
solution of potassium hydroxide. The greater part 
of the alcohol was removed by distillation, and the 
residue was poured into 500 cc. of water. The 
aqueous mixture was extracted with several portions 
of ether. The ethereal solution, after being shaken 
twice with water, was dried with anhydrous sodium 
sulfate and then the ether was removed by distilla- 
tion. The residue, constituting the unsaponifiable 
portion, was granular in appearance and slightly 
yellow in color and weighed 94 Gm. After several 
recrystallizations from alcohol a nearly colorless 
crystalline material was obtained which began to 
soften at 125°, but did not completely melt until a 
temperature of 160° was attained. 


Fifty grams of the partially purified unsaponifiable 
material were dissolved in 1500 cc. of absolute al- 
cohol. To this ‘solution were added 1250 cc. of a 
1% solution of digitonin (Merck) in absolute 
alcohol, the amount of digitonin required having 
been determined by a previous small-scale experi- 
ment. When the mixture was heated on a steam 
bath, the digitonide of the sterol present precipi- 
tated. This was cooled to room temperature and 
the digitonide removed by filtration. When the 
filtrate was concentrated to a volume of 1 L., 
a small additional amount of the digitonide pre- 
cipitated, and was removed by filtration. Finally 
the alcoholic filtrate was concentrated to a volume 
of 200 cc., which upon cooling deposited a crop 
of crystals. By further concentration, additional 
crops of crystals were obtained, which when com- 
bined and dried at 100° weighed 44 Gm., and melted 
at 168-172°. Recrystallization from alcohol did 


> The Viburnum opulus bark used in this investi- 
gation was purchased from the S. B. Penick Com- 
pany. It was identified as authentic by Professor 
Heber Youngken, Massachusetts College of Phar- 
macy, and by Professor C. C. Glover; College of 
Pharmacy, University of Michigan. 


not raise the melting point. 
38.8, 38.55. 
Analysis. 


Iodine number,‘ 


Caled. for CwoHwO: C, 84.5; H, 
11.8; Found: C, 84.41, 84.25; H, 12.02, 12.11; 
mol. wt. caled., 426.4. Found (Rast): 438, 442. 

Benzoylation of Mixed Amyrins.—One hundred 
grams of the material obtained as described above 
were dissolved in 500 cc. of anhydrous benzene con- 
tained in a one-liter round-bottom flask, 40 Gm. of 
anhydrous pyridine were added, and finally 70 Gm 
of benzoyl chloride. The mixture was heated under 
a reflux condenser during 4 hours on a steam bath. 
The mixture was cooled to room temperature, and 
500 cc. of ether were added. The ethereal solution 
was extracted with five 100-cc. portions of 5% sul- 
furic acid, shaken several times with water, and 
finally the solvent was removed by distillation. 
The solid residue which remained was removed from 
the flask, powdered finely and shaken mechanically 
during 12 hours with one liter of a cold aqueous 
10% solution of sodium carbonate. After filtra- 
tion, the residue was washed with water until freed 
from sodium carbonate, and then first air dried, and 
finally dried in an oven at 100°. The mixed ben- 
zoates, after one recrystallization from a mixture of 
equal volumes of acetone and methyl-ethyl ketone, 
melted at 176-182°. Yield, 108.5 Gm., 87.5% of 
the calculated. 

8-Amyrin Benzoate——One hundred grams of the 
mixed benzoates were shaken mechanically with one 
liter of cold petroleum ether (b. p. 30-40°) for 1 
hour, and the mixture was filtered. The undissolved 
residue weighing 28 Gm. was then extracted with 3 
successive 300-cc. portions of petroleum ether. The 
material which finally remained undissolved weighed 
After one re- 
crystallization from benzene and one from a mixture 
of acetone and methyl-ethyl ketone it melted at 
231-232°. When mixed with an authentic sample 
of 8-amyrin benzoate there was no depression in 
melting point. 

Analysis. Caled. for CysHsO.: C, 83.8; H, 
10.2. Found: C, 83.55, 83.7; H, 10.38, 10.30. 

a-Amyrin Benzoate—The petroleum ether from 
the first liter of extract of the mixed amyrins was 
removed by distillation, leaving a residue weighing 
70 Gm. This, after two recrystallizations as de- 
scribed for 8-amyrin benzoate, yielded 58 Gm. of 
@-amyrin benzoate melting at 191-193°. When 
mixed with authentic a-amyrin benzoate there was 
no depression in melting point. 

Analysis. Caled. for CysHsO,: C, 83.8; H, 
10.2. Found: C, 83.85, 83.72; H, 10.35, 10.42. 

Hydrolysis of a-Amyrin Benzoate.—Fifty grams 
of a-amyrin benzoate were added to one liter of a 
4% alcoholic solution of potassium hydroxide. The 
mixture was heated under a reflux condenser during 
12 hours on a steam bath, most of the alcohol was 
removed by distillation, and water was added, 





‘ This determination was made by Mr. Kenneth 
Latimer. 
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and the mixture was filtered. The residue was 
washed several times with water, and upon drying 
it weighed 40 Gm. After several recrystallizations 
from ethyl acetate, it melted at 182-184°. When 
mixed with authentic a-amyrin there was no de- 
pression in melting point. 

Analysis. Caled. for CsHwO: C, 84.5, H, 11.8. 
Found: C, 84.28, 84.35; H, 12.05, 11.95. 

For a-amyrin from Virburnum opulus: 
+84° (Chloroform). 

For a-amyrin from Elemi Gum: 
(Chloroform). 

Hydrolysis of B-Amyrin Benzoate-—Eight grams 
of 8-amyrin benzoate were hydrolyzed in the 
same manner as described for a-amyrin benzoate. 
The product, recrystallized several times from 
ethyl acetate, melted at 192-194°. When mixed 
with authentic 8-amyrin there was no depression in 
melting point. Yield, 6.2 Gm. 


[al>° = 


30° 
lal> = +84° 


Analysis. Caled. for CsHw»O: C, 84.5; H, 
11.8. Found: C, 84.32, 84.27; H, 11.85, 11.92. 
For 8-amyrin from Viburnum opulus: [a}*o° = 
+89.2° (Chloroform). 

For 8-amyrin from Elemi Gum: [a}*°° = 


+89.1° (Chloroform). 

Preparation of a-Amyrin Acetate-—Two grams of 
a-amyrin were acetylated by means of acetic an- 
hydride. Yield, 1.8 Gm. After one recrystalliza- 
tion from a mixture of acetone and methyl-ethyl 
ketone it melted at 224—-225°. When mixed with 
authentic a-amyrin acetate there was no depression 
in melting point. 

For a-amyrin acetate derived from Viburnum 
opulus amyrin: [a}9°* = +74.4° (Chloroform). 

For a-amyrin acetate derived from Elemi Gum: 
[a}®°” = +74.4° (Chloroform). 

Preparation of 8-Amyrin Acetate-——Acetylated £- 
amyrin, recrystallized from the same solvent as 
a-amyrin acetate, melted at 238-239°. When mixed 
with authentic 8-amyrin acetate there was no de- 
pression in melting point. Yield, 2 Gm. 

For 8-amyrin acetate derived from Viburnum 
opulus amyrin: [a}°2° = +82° (Chloroform). 

For 8-amyrin acetate derived from Elemi Gum: 
[a}9°° = +81.9° (Chloroform). 

Preparation of a-Amyrin-p-nitrobenzoate.—Two 
grams of a-amyrin were added to a solution of 2 Gm. 
of p-nitrobenzoyl chloride in 20 cc. of anhydrous 
pyridine, and the mixture was heated under a re- 
flux condenser during 3 hours, then cooled and 
poured into 150 cc. of a 10% aqueous solution of 
sulfuric acid to which ice had been added. By 
means of ether, the ester was extracted, and after 
removal of the solvent, shaken vigorously with a 
10% solution of sodium carbonate. After filtra- 
tion, the nitrobenzoate was washed with water 
until free of sodium carbonate, air dried, and then 
dried in an oven at a temperature of 110°. After 
two recrystallizations from a mixture of acetone and 
methyl-ethyl ketone, the product weighed 2.15 Gm., 
80% of the calculated amount. Melting point, 


205-206°. When mixed with an authentic sample 
of a-amyrin-p-nitrobenzoate, there was no depres- 
sion in melting point. 

For a-amyrin-p-nitrobenzoate from Viburnum 
opulus a-amyrin: [a]*°° = +87.3° (Chloroform). 

For authentic a-amyrin-p-nitrobenzoate: [a}*°° 
= +87.2° (Chloroform). 

Preparation of B-Amyrin-p-nitrobenzoate.—8-Amy- 
rin was esterified by a method identical with that 
described for a-amyrin. Recrystallized in the same 
manner as a-amyrin-p-nitrobenzoate, the product 
melted at 257-258°. When mixed with authentic 
8-amyrin-p-nitrobenzoate there was no depression in 
melting point. 

For §-amyrin-p-nitrobenzoate from Viburnum 
opulus amyrin: [a}§°° = +93.2° (Chloroform). 

For authentic 8-amyrin-p-nitrobenzoate: [a}*°° 
= +93.1° (Chloroform). 

Isolation of Mixed Amyrins from Manila Elemi 
Gum.—One kilogram of Manila Elemi Gum was 
shaken mechanically during 5 hours with one liter 
of alcohol. The mixture was filtered, and the un- 
dissolved amyrins thus obtained were recrystallized 
once from alcohol. Yield, 180 Gm. Melting 
point, 165-171°. 

Separation of Mixed Amyrins from Elemi Gum.— 
The mixed amyrins were benzoylated and the 
benzoates were separated into a- and §-modifica- 
tions by means of petroleum ether (b. p. 30-40°), 
as described for amyrins from Viburnum opulus 
bark. The benzoates were hydrolyzed and the 
products purified by the same methods as those de- 
scribed, and with comparable results. 

Preparation of Esters of Manila Elemi Amyrins.— 
Acetates and p-nitrobenzoates of both a- and £- 
amyrin were prepared by the same methods, and 
with essentially the same results, as those described 
for the corresponding esters made from Viburnum 
opulus bark amyrins. 


SUMMARY AND CONCLUSIONS 


1. Both a- and f-amyrin have been 
isolated from Viburnum opulus bark. 

2. Both amyrins from Viburnum opulus 
bark have been identified by comparison 
with authentic amyrins isolated from Manila 
Elemi Gum. 

3. Acetates, benzoates and p-nitrobenzo- 
ates of both a-amyrin and 8-amyrin obtained 
from Viburnum opulus bark are similar in 
physical and chemical properties to cor- 
responding esters of authentic a- and £- 
amyrin prepared from amyrins obtained 
from Elemi Gum. 
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The Oxidation of Salicylates 
in Alkaline Solutions*' 


By E. A. Brechtt and C. H. Rogers** 


Salicylate solutions, which are colorless 
when freshly prepared, are rapidly discolored 
by the formation of a brown oxidation prod- 
uct resulting from the activity of atmos- 
pheric oxygen. Numerous past studies of 
this reaction have been concerned only with 
the rate of discoloration and the influencing 
factors (1-13). Reviews of this literature 
are available in references (6), (8) and (13). 
It was the purpose of this research to isolate 
and study the structure of the brown oxida 
tion product obtained from salicylates. 





* Presented before the Scientific Section, A. Px 
A., Atlanta meeting, 1939. 

+t Abstracted from the dissertation submitted by 
Dr. Brecht to the Graduate Faculty of the Univer- 
sity of Minnesota in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy. 

t Instructor, School of Pharmacy, University of 
North Carolina. 

** Dean of the College of Pharmacy, University 
of Minnesota. 


A few oxidation reactions of salicylates 
have been characterized, but none of the 
products was similar to that from aged, 
brown salicylate solutions (14-17). The 
sodium salt of gentisic acid (2,5-dihydroxy- 
benzoic acid) was obtained by the oxidation 
of sodium salicylate by magnesium per- 
sulfate in alkaline solution (14). Gentisic 
acid was obtained as a colorless compound. 
Solutions of gentisic acid rapidly turned 
brown when exposed to air (15). Gentisic 
acid was converted by manganese dioxide 
in sulfuric acid to an unnamed compound of 
the formula C,,H¢Os. This compound was 
obtained as an ochre-yellow crystalline 
powder from o-cresol. It sublimed at 230° 
to sulfur-yellow needles, and melted above 
360° (16). This compound is interesting 
because it is produced from an oxidation 
product of a salicylate, but it is a different 
compound than the brown substance ob- 
tained from alkaline solutions by atmos- 
pheric oxidation. Gentisic acid may be an 
intermediate product in all oxidations of 
salicylates. 

For the purpose of reference, until a 
chemical name can be applied, it is proposed 
to refer to the brown oxidation product from 
salicylates, a trisodium salt of an organic 
radicle, as ‘“‘sodium salicylate-brown.”’ The 
acid form will be termed “‘acid salicylate- 
brown.” 


EXPERIMENTAL 


The oxidation of sodium salicylate and other 
related compounds was studied in three types of 
media: (a) slightly acidic, () slightly alkaline, 
containing 2.5 per cent each of sodium bicarbonate 
and sodium carbonate and (c) strongly alkaline, 
containing 25 per cent of sodium hydroxide. Two 
oxidizing agents were used: air and hydrogen 
peroxide 

Slightly Acidic.—Atmospheric oxygen: Solutions 
of sodium salicylate, saturated with salicylic acid, 
showed no discoloration upon aging 

Hydrogen peroxide: One gram of salicylic acid, 
or a similar compound, was mixed with 1 cc. of 
water and 5 cc. of 30 per cent hydrogen peroxide 
solution in a capacious beaker. No reaction took 
place until 5 drops of ferric chloride test solution 
were dropped on different areas of the mixture 
The reaction then took place immediately with the 
evolution of sufficient heat to cause boiling of the 
water. The reaction was complete in about fifteen 
seconds. The amount of brown product was deter- 
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mined by a colorimetric assay, to be discussed later. 
The following compounds were tested: 


Vield of 
Brown 
Oxidation 
Product, 
Compound Gm Speed of Reaction 
Phenol 0.36 Very rapid 
Benzoic acid 0.16 Slow 
Salicylic acid 0.28 Very rapid 
Catechol 0.43 Very rapid 
Resorcin 0.41 Very rapid 
Hydroquinone 0.44 + Very rapid 
Pyrogallol 0.08 Very rapid 
Citric acid (control) 0.00 MHeatonasteam bath 
required to start 
reaction 


There were no tests available for proving that the 
brown products were acid salicylate-brown, but their 
color and solubilities were identical. Sodium sali- 
cylate reacted in the same way as salicylic acid. No 
reaction took place until the ferric chloride was 
added. When the reaction was retarded by dilution 
of the reaction mixture the yield of the brown 
product was greatly decreased due to increased 
oxidation of it to colorless compounds. 

Strongly Alkaline.—Atmospheric oxygen: Neither 
sodium salicylate nor sodium = salicylate-brown 
showed any change when dissolved in a 25 per cent 
sodium hydroxide solution. Atmospheric oxygen 
was not active in this medium. 

Hydrogen peroxide: When a 30 per cent solution 
of hydrogen proxide was added to a solution of 
sodium salicylate containing 25 per cent of sodium 
hydroxide, crystallization immediately took place. 
The same crystallization occurred without the pres 
ence of sodium salicylate. A microscopic examina- 
tion showed the presence of well-defined, colorless 
needle crystals. Thirteen and five-tenths cubic 
centimeters of a 30 per cent solution of hydrogen 
peroxide (density 1.11) were added to a cooled 
solution of 62.5 Gm. of sodium hydroxide in 175 cc. 
of water. The crystals were collected on a filter, 
mixed twice with portions of alcohol and drained 
well on a filter after each washing. The product 
was then dried in a vacuum desiccator over sulfuric 
acid for three hours. A yield of 11.8 Gm. was ob- 
tained, theoretical 29.38 Gm. This yield indicated 
that the product was soluble to the extent of 8 Gm 
in 100 Gm. of the mixture. The product was as 
sayed by titration, with tenth-normal sodium thio 
sulfate solution, of the iodine liberated from potas- 
sium iodide in acid solution. The product con 
tained 33.5 per cent of Na,O., corresponding to a 
crystal with 8.1 mols of water for each mol of sodium 
peroxide. 

Other methods for the preparation of sodium 
peroxide octahydrate are given in references 18 
to 26. Sodium peroxide octahydrate has been 
proposed as a reagent for the identification of 
polyphenols by the color reactions obtained in 
alcoholic solutions (27). Magidson, et al. (28) used 
sodium peroxide to oxidize phenol dissolved in 
sulfuric acid. After the separation of resinous 


substances, 25 per cent yields of catechol and hydro- 
quinone were obtained. 

Sodium salicylate dissolved in a 25 per cent solu- 
tion of sodium hydroxide was slowly oxidized by 
hydrogen peroxide to a dihydrated form of 2,5- 
disodoxyquinone. 





This product was insoluble in the mixture, crystal- 
lizing as orange needle crystals. For a reaction 
mixture composed of 125 Gm. of sodium salicylate, 
625 Gm. of sodium hydroxide and 1875 cc. of water 
it was found that not more than 15 cc. of 30 per 
cent hydrogen peroxide solution could be added at 
one time if the formation of sodium oxalate was to 
be prevented. After such a portion of hydrogen 
peroxide had been reduced, in about three days, 
another portion could be added. In this way as 
much as eighteen portions of hydrogen peroxide 
were added to one reaction mixture. The product 
was collected on a suction filter, washed twice with 
25 per cent sodium hydroxide solution and then 
washed five or six times with alcohol. 


NaC;H; de + 8H,.O, + NaOH _—_ 
NaeC.H.O,.2H.O + 8H,O — 20, + Co, 


Actual 
Amount of Yield of 
30 Per Cent Hydrated 
Hydrogen 2,5-Disodoxy- Theoretical 
Peroxide quinone, Yield, Per Cent 
Density 1.11 Gm Gm. Yield 
Mixture 1 
45 cc 6.4 12.11 52.8 
45 9.7 12.11 80.0 
45 9.1 12.11 75.2 
Mixture 2 
45 cc. 8.9 12.11 73.4 
75 14.0 20.19 69.4 
45 11.7 12.11 96.6 
45 8.4 12.11 69.3 
60 10.2 16.15 63.2 


From similar mixtures 2,5-disodoxyquinone was 
obtained from the sodium salts of m-hydroxyben- 
zoic acid, p-hydroxybenzoic acid, phenol, catechol 
resorcin and hydroquinone. Sodium benzoate was 
insoluble in a 25 per cent solution of sodium hy- 
droxide and showed no reaction with hydrogen 
peroxide. These results have importance in show- 
ing a hitherto undemonstrated product from the 
oxidation of phenolic compounds. 

The orange crystals of 2,5-disodoxyquinone di- 
hydrate readily lost the water of crystallization 
when heated at 105° to yield a dull red powder. 
The water of crystallization was lost almost im- 
mediately when heated above 80° suspended in a 
25 per cent sodium hydroxide solution; changing 
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crystalline form, to longer, thinner crystals. 2,5- 
Disodoxyquinone was readily soluble in water giving 
a red solution which turned yellow when acidified. 
Crystals of 2,5-dihydroxyquinone were formed in 
the acidified solution. Disodoxyquinone was in- 
soluble in sodium hydroxide solutions of concentra- 
tions greater than ten per cent and in organic sol- 
vents. 

The identity of 2,5-disodoxyquinone was proved 
through assay for sodium content and conversion 
to 2,5-dihydroxyquinone, m. p. 222° (corr.) with 
decomposition. Ultimate analysis of the dihydroxy 
quinone, best purified by vacuum sublimation, gave 
the following results: 


Carbon Hydrogen 
Actual 51.55% 2.76% 

51.60 3.17 

51.58 2.96 
Theoretical, CsH,O, 51.4 2.87 


The aqueous solution or suspension of 2,5-di- 
hydroxyquinone darkened slowly at room tempera- 
ture to give a dark brown amorphous precipitate. 
This reaction was accelerated by heat. This re- 
action was important because it gave a brown 
product very similar to acid salicylate-brown. 
(References on 2,5-dihydroxyquinone, its salts and 
derivatives: 29-47.) 

Sodium oxalate was obtained in satisfactory yields 
from the same reaction mixture used for the produc- 
tion of 2,5-disodoxyquinone by maintaining the 
reaction near 100° C. At this temperature none of 
the quinone was found in the product of sodium 
oxalate, which crystallized from the reaction mix- 
ture. At temperatures ranging between room 
temperature and 100°, a mixed product was ob- 
tained. When a product of sodium oxalate was 
desired it was found most effective to add the hy- 
drogen peroxide very slowly from a dropper funnel 
dipping below the surface of the hot reaction mix- 
ture. Yields of sodium oxalate ranging from 44.3 
to 92.4 per cent of the theoretical were obtained. 
If the hydrogen peroxide was added too rapidly no 
sodium oxalate was obtained as the oxidation was 
carried to ultimate completion, the production of 
sodium carbonate. 

Sodium salicylate-brown was stable in 25 per cent 
sodium hydroxide solution, even when boiled. The 
decolorization noted by Grill (8) must have been due 
to oxidation, as the addition of hydrogen peroxide 
quickly decolorized the solution. 


Solution number 
Weight of acid salicylate-brown in 100 cc. 
of solution, with 2 Gm. Na,CO,;.H,O 
Volume of solution 
Volume of air in container 
Total loss of coior in 98 min. 
Total loss of color in 3 days 


Mildly Alkaline-—Atmospheric oxygen: The 
oxidation of salicylates by air in these media has 
been discussed by previous writers (1-13). The 


concentration of 2.5 per cent each of sodium bi- 
carbonate and sodium carbonate has been shown to 
allow maximum oxidation by air. 

Previous investigators did not realize that the 
brown product from salicylates was also oxidized 
by air in midly alkaline solutions. Three solutions 
of sodium salicylate-brown were prepared and the 
rate of color decrease was measured by means of a 
colorimeter using a standard brown solution made 
from coal-tar dyes. 

At the end of the three-day period one drop of 
30 per cent hydrogen peroxide solution was added 
to solution III. The amount of color remaining 
was decolorized to the extent of 88.8 per cent when 
the solution was assayed one day later, although 
the access of air had not been increased. 

Mildly alkaline resorcin solutions were discolored 
by atmospheric oxygen as readily as sodium salicyl- 
ate. 

Hydrogen peroxide: The addition of 10 ce. of 
30 per cent hydrogen peroxide solution to 150 ce. 
of a solution containing 5 per cent of sodium salicyl- 
ate and 2.5 per cent each of sodium bicarbonate 
and sodium carbonate produced a delayed brown 
discoloration. The color darkened slowly for three 
days, and then finally, gave a very good color 
formation. The addition of a second 10-cc. portion 
of hydrogen peroxide completely decolorized the 
solution, after which discoloration again took 
place. 

Acid salicylate-brown was suspended in water 
and treated with small portions of hydrogen peroxide 
at room temperature. After six days the precipitate 
was completely oxidized, decolorized. A positive 
test for the oxalate ion was obtained with calcium 
sulfate test solution. The identity was confirmed 
by the insolubility of the crystalline precipitate in 
acetic acid, its solubility in hydrochloric acid and 
its reduction of potassium permanganate. 

Acid Salicylate-Brown and Sodium Salicylate- 
Brown.—Three methods were used for the produc- 
tion of a brown oxidation product from salicylates. 

Atmospheric oxidation in mildly alkaline solution: 
Seven liters of a solution containing 5 per cent of 
sodium salicylate and 2.5 per cent each of sodium 
bicarbonate and sodium carbonate were aerated 
for four weeks. A maximum color was obtained in 
two weeks, but the aeration was continued longer 
for the possible precipitation of an excess of the 
sodium salicylate-brown. However, such was not 
the case, probably because an equilibrium was ob 

I Il ill 
0.0108 Gm. 


0.0204 Gm 0.0102 Gm 


50 ce 100 cc 100 ce. 
75 ce. 150 cc. 5 ce. 
af 23.1% “ES 
75.6% 77.7% 29.3% 


tained in which the sodium salicylate-brown was 
converted to sodium oxalate as rapidly as it was 
formed. Small amounts of the above reaction mix- 
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ture have often yielded precipitates of sodium 
salicylate-brown when allowed to age in stoppered 
containers. For this reason the seven-liter mixture 
was allowed to stand for an additional month. No 
precipitate was obtained. The sodium salicylate- 
brown was obtained from the solution by two 
methods. 

A 1400-cc. portion of the solution was rendered 
acid by an excess of hydrochloric acid, sufficient to 
decompose all of the sodium salicylate. The pre- 
cipitated salicylic acid and acid salicylate-brown 
were collected on a filter and washed with alcohol. 
The alcohol dissolved most of the salicylic acid and 
only a little of the acid salicylate-brown. The 
acid salicylate-brown was then purified by washing 
with hot 5 per cent hydrochloric acid. The hydro- 
chloric acid prevented the acid salicylate-brown 
from becoming colloidally suspended. A yield of 
2.8 Gm. of acid salicylate-brown was obtained from 
the 1400 cc. of brown salicylate solution. 

A 5200-ce. portion of the oxidized salicylate solu- 
tion was treated with an equal volume of alcohol. 
The mixture separated into two layers. The 
bottom layer, predominately aqueous, contained 
nearly all of the brown product. The upper layer 
was decanted and discarded. Some water was 
added to the bottom layer, and the alcoholic pre- 
cipitation was repeated. This procedure was re- 
peated many times. The bottom layer was always 
of less volume than the upper, measuring from one- 
fourth to one-twentieth of the total volume. It 
was found important not to add the aqueous solu- 
tion to the alcohol as a permanent suspension usually 
resulted. It was also found important to add all 
of the alcohol in one portion for the same reason. 
For the final purification it was precipitated in the 
form of acid salicylate-brown by the addition of an 
excess of hydrochloric acid. The precipitate was 
collected by centrifuging for ten minutes. The 
supernatant liquid was decanted and discarded. 
The precipitate was then freed of impurities by 
repeatedly washing with 5 per cent hydrochloric 
acid and separation in a centrifuge. By this 
method of collection 16.0 Gm. of acid salicylate- 
brown was obtained. 

Rapid oxidation of salicylic acid with hydrogen 
peroxide: 10 Gm. of salicylic acid were rubbed to 
a smocth paste with 10 cc. of water in a one-liter 
beaker. Then 21.25 cc. of a 30 per cent hydrogen 
peroxide solution were added. No reaction took 
place until ferric chloride test solution was added. 
Five drops of the test solution were distributed on 
different areas of the mixture. The reaction took 
place vigorously causing the temperature to rise 


from 25° to 95° within a half minute. There was 
a rapid evolution of oxygen and steam. The re- 
action was complete in three minutes. Water was 


added to the mixture, and the bulk of the excess 
of salicylic acid was removed by extraction with a 
mixture of equal volumes of ether and petroleum 
ether. Ether alone had a tendency to extract 
some of the acid salicylate-brown. The purifica- 


tion was completed by washing with 5 per cent hy- 
drochloric acid by the centrifuge method. 


4HC;H;0; + 28H,0, —> 
2Ci2HsO¢ + 4CO, + 70, + 34H,0 


The following yields were obtained: 


Hydrogen Peroxide, 





30 Per Cent, — Yield ‘ 
Density 1.11 Actual Theoretical Per Cent 
21.25 cc. 1.3Gm. 3.69Gm. 35.3 
42.5 2.9 7.37 39.4 
Conversion of 2,5-dihydroxyquinone: 20°Gm. 


of 2,5-disodoxyquinone were dissolved in 250 cc. 
of boiling water. The solution was filtered. The 
addition of 20 cc. of concentrated hydrochloric acid 
produced immediate crystallization of 2,5-dihydroxy- 
quinone. This mixture was heated on a steam 
bath for 90 minutes. The color rapidly changed 
from yellow to dark brown, and acid salicylate- 
brown was precipitated. The brown precipitate 
was collected on a filter, and washed with 5 per cent 
hydrochloric acid. 


2Na2C.H.0,.2H,O + 4HCl —p> 
CywHsO. + 4NaCl + 5H,0 + O 


A yield of 5.3 Gm. was obtained which was 47.3 
per cent of the theoretical. 

Acid salicylate-brown was the final product of 
the above methods of preparation because it could 
be purified more readily than its sodium salt. When 
a pure sodium salicylate-brown was required it 
was prepared from acid salicylate-brown by the 
following method. Three grams of acid salicylate- 
brown were dissolved in 350 cc. of alcohol by the 
application of heat. The solution was filtered, and 
a slight excess of concentrated sodium hydroxide 
solution was added. Sodium salicylate-brown was 
immediately precipitated. Alcohol was used to 
wash the product free of sodium hydroxide. A 
yield of 2.95 Gm. was obtained, 77.7 per cent of the 
theoretical. 

Physical and chemical properties: Both acid 
salicylate-brown and sodium salicylate-brown are 
dark brown amorphous solids. Acid salicylate- 
brown was soluble in alcohol, absolute alcohol and 
melted urethane and was insoluble in water, other 
organic solvents and melted phenol. Sodium 
salicylate-brown was soluble only in water. Acid 
salicylate-brown did not melt, even when heated 
to 400°. Acid salicylate-brown was subjected to 
vacuum sublimation for four hours at a temperature 
of 400° and a partial pressure of less than 2 mm. of 
mercury. This treatment produced about 10 mg. 
of a shiny black sublimate. Microscopic examina- 
tion showed that the sublimate was amorphous. 
The sublimate was chemically changed because it 
was no longer soluble in sodium hydroxide solution. 
Acid salicylate-brown gave negative tests for nitro- 
gen, halogens, sulfur and metals. 

A colorimetric method was devised for the quan- 
titative determination of salicylate-brown com- 
pounds. A standard brown solution was defined as 
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containing 0.003 Gm. “S. F. Yellowish Light 
Green, 435,” 0.035 Gm. “85 Orange I” and 0.10 
Gm. sodium benzoate. (The dyes were the prod- 
cuts of F. Kohnstamm and Co., Inc., Chicago.) 
The same color intensity was given by 0.0133 Gm. 
of sodium salicylate-brown or 0.0105 Gm. of acid 
salicylate-brown in 100 cc. It was necessary to 
add 2 Gm. of monohydrated sodium carbonate to 
100 cc. of the salicylate-brown solution to assure 
complete solution. This colorimetric assay was not 
completely reliable as the color of the salicylate- 
brown solutions was gradually reduced by atmos- 
pheric oxidation of the brown product. 

The molecular weight of acid salicylate-brown 
was determined by the depression of the freezing 
point of urethane (48). An accurate determination 
was prevented by the slow solution of the acid 
salicylate-brown. Two determinations gave molec- 
ular weights of 206 and 260. 

Acid salicylate-brown was ethylated in solution 
in anhydrous methyl alcohol with diazomethane 
(49). Two portions of the methylated acid salicyl- 
ate-brown were assayed for methoxy content by the 
method of Viebock and Schwappach (50) as modified 
by Clark (51). The methylated product contained 
31.33 per cent of methoxy, which corresponds to 
an equivalent weight of 85. Identical results were 
obtained with samples of acid salicylate-brown pre- 
pared by the rapid oxidation of salicylic acid with 
hydrogen peroxide and by conversion of 2,5-dihy- 
droxyquinone. 

The sodium content of sodium salicylate-brown 
was determined by the gravimetric sulfate method 
Sodium salicylate-brown contained 22.5 per cent of 
sodium, corresponding to an equivalent weight for 
acid salicylate-brown of 80. 

Samples of purified acid salicylate-brown from all 
three methods of preparation were analyzed for 
carbon and hydrogen by a semi-micro method: 


Source of 
Acid Salicylate- Brown 


Atmospheric oxidation 


Carbon Hydrogen Oxygen 


of salicylates 59.4% 3.24% 37.36% 
Rapid oxidation of sali 56. 4° 3.03 
cylic acid by hydro- 56 . 6% 3.42 
gen peroxide 56.62 3.06 
56.5 3.17 40.33 
Conversion of 2,5-di- 56.5* 2.44 
hydroxyquinone 56. 5* 2.29 
56.5 2.36 41.14 
58.4 2.42 
58.4 2.58 
58.4 2.50 39.10 
Theoret., Ci2H¢O¢, 246 58.5 


2.44 39.06 
CrHsOz, 248 58.1 3.22 38.68 
* Slight colorless ash remained in the combustion boat 
It was a chloride, probably sodium chloride which had not 
been completely removed from the product 


The reduction of sodium salicylate-brown was 
attempted with sodium amalgam in aqueous solu- 
tion. Reduction was also tried with stannous 


chloride in concentrated hydrochloric acid. [pn 
neither case was there a change in the product. 

No acetylated product could be obtained suffi- 
ciently pure for a quantitative determination. 

The formula C):HsOs is isomeric with 3,5,3’,5’- 
tetrahydroxy-diphenylquinone-4,4’. This compound 
was first prepared by Liebermann and Burg (52) 
and its chemistry was studied by Liebermann and 
Herrmuth (53). This compound produces a violet- 
colored aqueous solution. This compound differs 
from acid salicylate-brown in producing a tetra- 
methoxy derivative and in being readily reduced by 
stannous chloride. 


SUMMARY 


The brown product formed in the dis- 
coloration of salicylate solutions is an inter- 
mediate product because it is further oxi- 
dized to colorless compounds: oxalates and 
carbonates. 

Three methods are given for the prepara- 
tion of this compound. 

The formula 
CisHsO¢ and contains three hydroxyl groups 
which are easily methylated and form metal- 
lic salts with alkalies. When made from 
2,5-dihydroxyquinone a dehydro compound 
results having the formula CjyH,.O, and the 
same chemical and physical properties. 

A new method is given for the preparation 
of 2,5-disodoxyquinone and 2,5-dihydroxy- 
quinone. The sodium compound is a general 
intermediate product in the oxidation of 
phenolic compounds under certain condi- 


brown product has _ the 


tions. 
A rapid method is given for the prepara- 
tion of pure sodium peroxide octahydrate. 
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A Study of the Assay of 


Strychnine in Tincture 
of Nux Vomica* 


By Gertrude M. Horn,+ K. L. Kaufmant and 
S. G. Mittelstaedt** 


Various assay methods for the determina- 
tion of strychnine have resulted from in- 
vestigations conducted with a view to im- 
proving the official processes. Such factors 
as the presence of fixed oil, resins and color- 
ing matter tend to cause considerable 
variation in results when assaying the drug. 
Controversy has centered around the nitric 
acid method for destroying brucine. The 
elimination of emulsions during the extrac- 
tion of the alkaloids is worthy of considera- 
tion. It has been suggested that certain 
agents might be used which would quanti- 
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tatively precipitate one alkaloid leaving the 
other in solution. Our work has been 
carried on in an effort to devise an assay 
method which would be more efficient than 
previously offered processes. 


In addition to the official methods, numer- 
ous other processes have been suggested. 
Some of the better known are as follows: 
Kolthoff and Lingane (1) employed ferro- 
cyanide in acid medium to produce slightly 
soluble crystalline hydroferrocyanides with 
strychnine and brucine. The former crys- 
tallizes much more rapidly and is less soluble 
than the latter. The same investigators 
have used potassium dichromate in both 
volumetric and gravimetric determinations 
(2). Another method has been devised 
whereby the brucine content of the alkaloidal 
residue is determined through its methoxyl 
groups, and strychnine is obtained by 
difference (3). A dilute alcoholic solution 
of picrolonic acid precipitates strychnine 
picrolonate from dilute aqueous, alcoholic 
or ethereal solutions of either the free base or 
one of its salts (4). According to Elgazin 
(5), strychnine may be separated from 
brucine on a commercial scale by dissolving 
1 part of mixed salts in 10 parts of 10 per 
cent NH,Cl and treating with 10 per cent 
NH,OH at 80° to 85° C. until precipitation 
is complete. 

Numerous processes for special types of 
work have also been devised, such as the 
recently suggested electrodialysis method 
(6). 


EXPERIMENTAL 


During this study, an apparatus was devised to 
obviate the familiar hand process of shaking out the 
alkaloidal solutions, one or two at a time. An 
attachment has been constructed which fits the 
ordinary box type mechanical shaker and which 
holds nine separatory funnels. The speed of the 
shaker has been adjusted so that uniform backward 
and forward motion is produced. Troublesome 
emulsions were not encountered as readily with its 
use. Tests with other drugs show that the method 
is apparently efficient in all cases. 


There is a great divergence of opinion regarding 
the estimation of strychnine and brucine by the 
various assay methods employed. In this investiga- 
tion, we have compared some of the many processes 
to learn their relative efficiencies in determining the 
amount of strychnine in the tincture. 


The first study was made of the B. P. 1939 
method. This process uses, in addition to nitric 
acid, an equal volume of 5 per cent sodium nitrite 
solution to destroy the brucine. 

The method of the U. S. P. VIII for the deter- 
mination of the strychnine content of Nux Vomica 
employed concentrated nitric acid to destroy the 
brucine. The remaining liquid was then analyzed 
for its strychnine. In this process, the tincture 
was evaporated to dryness and the assay continued 
as though it were a powdered extract. 

The fixed oil has already been indicated as a factor 
which causes difficulty in the assay of tincture of 
Nux Vomica. Accordingly, several other methods 
were compared in which the oil is removed, either 
from the tincture in manufacture or from the sample 
during the assay process. 

The results obtained by the U. S. P. XI Interim 
Revision method indicated that the alkaloidal 
content of the preparations was only slightly af- 
fected by this method. Removal of the fixed oil 
gave somewhat lower results than were given by 
the original U. S. P. XI method. This tends to 
confirm the statements of Sabalitschka and Junger- 
mann (7). 

A series of assays by the U. S. P. XI process was 
performed on samples of the tincture from which the 
fixed oil had been removed by shaking with petrol- 
eum ether. 

Previous experiments suggested that the oil 
might be more completely removed by chilling the 
tincture at a lower temperature than directed by 
the U.S. P. XI. Samples of freshly made tincture 
were cooled to —7° C., filtered and analyzed. 

The Beal and Hamilton method (8) uses lead 
acetate solution as a clarifying agent to remove 
contaminating extractive materials. 

The method of Palkin and Watkins (9) was also 
examined. The contaminating extractive material 
was precipitated in a flocculent form by evaporating 
the acidified tincture and redissolving the residue 
in water. 

The use of potassium dichromate for precipitating 
the strychnine as advocated by Kolthoff and Lin- 
gane (2) was not satisfactory when applied to mix- 
tures of known solutions of strychnine and brucine 
sulfate. 

All the experiments described thus far are sum- 
marized in Table I. 

It was suggested that potassium iodide T.S. might 
be a suitable precipitating agent for strychnine 
(unpublished data communicated to us by other 
workers). Accordingly, containing 20 
ce. of a mixture of equal volumes of brucine sulfate 
and strychnine sulfate were treated with varying 
amounts (5 to 20 cc.) of potassium iodide T.S. to 
determine its efficiency in precipitating the strych- 
nine. 


solutions 


Neither at room temperature, nor at 40-45° C. 
is potassium iodide TS. efficient as a precipitating 
agent. The results were variable even when the 
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same relative amounts of reagent were used. In 
no case was more than 15 per cent of the strychnine 
recovered. 

Acetate and citrate buffer solutions of varying 
pu (4.63 to 9.03) were used in conjunction with po- 
tassium iodide T.S. to determine if py affected the 
action of the reagent as a precipitant for strychnine. 
Of the 112 samples treated with the different buffer 
solutions and various amounts of potassium iodide 
T.S., all failed to show any appreciable precipitate 
of strychnine. 


Each 100 cc. of solution contained 0.1470 Gm. of 
strychnine sulfate (0.1150 Gm. of strychnine) and 
each 100 cc. of brucine sulfate solution contained 
0.1350 Gm. of that salt (0.1150 Gm. of brucine). 
Distilled water was used as the solvent. 

Solutions of strychnine sulfate and brucine sulfate 
were tested separately to ascertain the amount of 
N/1 sodium hydroxide completely precipitating the 
alkaloid concerned. When 10 cc. of the above 
strychnine solution was used, it was found that from 
1 to 2 cc. of the N/1 sodium hydroxide completely 


Table I.—Summary of Results of Various Assay Methods* 


U.S. P. XI Removal Removal of 
B. P. U. S. P. U. S. P. Interim of Oil at Oil with Palkin and Beal and 
1932, VIII, XI Revision, -7°C., Pet. Ether, Watkins, Hamilton, 
No Gm Gm. Gm. Gm. Gm. Gm. Gm. Gm. 
1 0.1353 0.1358 0.1445 0.1340 0.1227 0.1254 0.1431 0.1304 
2 0.1362 0.1212 0.1450 0.1373 0.1228 0.1254 0.1469 nae 
3 0.1361 0.1235 0.1418 0.1340 0.1219 0.1256 0.1431 0.1248 
4 0.1360 0.1254 0.1418 0.1376 0.1431 0.1260 0.1430 0.1267 
Ave. Ave. Ave. Ave. Ave. Ave. Ave. Ave. 
0.1359 0.1265 0.1433 0.1357 0.1251 0.1256 0.1440 0.1273 


* Each of the above calculations is based on 100 cc. of tincture. 


Table II. 
V/1 NaOH N/10 HeSO, 
C. F. 0.9875 Cc. F. 1.0084 

No. Ce. Ce. 

l 1.00 6.00 
2 1.00 6.00 
3 1.00 6.00 
4 1.00 6.00 

5 1.25 6.00 
6 1.25 6.00 

7 1.25 6.00 
8 1.25 6.00 
9 1.50 6.00 
10 1.50 6.00 
11 1.50 6.00 
12 1.50 6.00 
13 1.75 6.00 
14 1.75 6.00 
15 1.75 6.00 
16 1.75 6.00 


Normal Sodium Hydroxide as the Precipitating Agent of Strychnine Solutions* 


N/50 NaOH Strychnine 
C. F. 0.9750 Recovered Per Cent 
Ce. Gm. Recovered 
30.00 0.0063 54.0 
28.85 0.0077 66.6 
29.70 0.0087 75.2 
29.70 0.0087 75.2 
29.85 0.0077 66.6 
29.75 0.0083 72.4 
29.50 0.0099 86.5 
29.75 0.0083 72.4 
29.90 0.0074 63.9 
29.40 0.0106 92.1 
29.40 0.0106 92.1 
29.50 0.0099 86.5 
29.40 0.0106 92.1 
29.30 0.0115 100.0 
29.40 0.0106 92.1 
29.35 0.0107 92.3 


® Each sample consisted of 10 cc. of strychnine sulfate solution containing 0.0147 Gm. of strychnine sulfate (0.0115 Gm. 


strychnine). All analyses were made at room temperature 


Table III. 


The solutions were allowed to stand four hours before filtering 


Normal Sodium Hydroxide as the Precipitating Agent on Mixed Solutions of Strychnine and 


Brucine* 
N/1 NaOH N/10 H2SO4 N/50 NaOH Strychnine 
C. F. 0.9875 C. F. 1.0084 C. F. 1.036 Recovered Per Cent 
No. Ce. Ce. Ce. Gm. Recovered 
l 4.25 6.00 27.60 0.0111 96.¢ 
2 4.25 6.00 27.59 0.0112 96.9 
3 4.25 6.00 27.61 0.0110 95.7 
4 4.25 6.00 27.60 0.0111 96.3 
5 4.50 6.00 27.60 0.0111 96.3 
6 4.50 6.00 27.60 0.0111 96.3 
7 4.50 6.00 27.61 0.0110 95.7 
8 4.50 6.00 27.61 0.0110 95.7 


* Each sample contained 20 cc. of a mixture of equal volumes of strychnine sulfate and brucine sulfate solutions. Each 
contained 0.0147 Gm. of strychnine sulfate (0.0115 Gm. strychnine) and 0.01350 Gm. brucine sulfate (0.0115 Gm. brucine). 
The solutions were allowed to stand 36 hours at 40-45° C. before filtering. 


Our studies eventually led us to test the possi- 
bility of utilizing precipitating agents which would 
take advantage of the different dissociation constants 
of strychnine and brucine. The difference in these 
constants is large enough to make it seem reason- 
able to assume that these two alkaloids can be 
separated from each other by means of alkali. 

Known amounts of strychnine sulfate and brucine 
sulfate were weighed into separate volumetric flasks. 


precipitated the alkaloid. However, 10 cc. of the 
brucine sulfate solution were not completely pre- 
cipitated by 10 cc. of the alkali. On this basis, 10 
cc. each of the strychnine and brucine solutions were 
mixed and tested with the alkali to determine how 
much would be required to cause the precipitation 
of the strychnine from the mixture. 

The samples were allowed to stand for a definite 
period of time so that complete precipitation might 
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take place. The precipitate was washed onto a 
quantitative filter paper. Part of the filtrate was 
used to repeatedly wash it and thus prevent any 
loss of alkaloid. After continuing the above for 
two or three operations, distilled water was used to 
wash the product until the filtrate gave a negative 
test for brucine. To the filter paper and precipi- 
tate placed in a suitable flask were added 6 cc. of 
N/10 sulfuric acid and 20 cc. of neutral distilled 
water. The contents of the flask were warmed on a 
steam bath until the alkaloid was completely 
dissolved. The solution was cooled to room tem- 
perature and titrated with N/50 sodium hydroxide. 
Tables II and III show the results obtained in these 
experiments. 

Because of the difference in the pu values of known 
solutions of brucine and strychnine sulfate, it was 
thought that certain indicators might render possible 
the differential titration of the two alkaloids. 
Bromcresol purple, chlorphenol red and para nitro- 
phenol were the indicators tried. The results ob- 
tained were entirely unsatisfactory. The reason 
is evident from Fig. 1, as indicated below. 
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Fig. 1.—Approximate Titration Curves of 
Brucine and Strychnine Sulfates. 


As the use of the indicators tried was not success- 
ful, the approximate titration curves of the known 
solutions of brucine and strychnine sulfates were 
determined. A Beckman pg meter was used for 
the experiments. The results are shown in Fig. 1. 
These curves show a maximum deviation per unit 
of added alkali within approximately the same 
purange. This accounts for the fact that indicators 
cannot be used to determine separately these two 
alkaloids. The same statement would apply to 
buffer solutions. 


SUMMARY AND CONCLUSIONS 


1. The special shaking apparatus de- 
vised for the studies decreased the time 
necessary for a series of assays. Other 
studies not described in this paper indicate 
that it may be universally used in place of 
the usual hand shaking-out process in 
alkaloidal analysis. 

2. The B. P. method needs little com- 
ment other than emphasizing the necessity 
of carrying out the method strictly in detail. 
Complete destruction of brucine was ob- 
tained at ordinary temperatures with a 
small loss of strychnine. The error caused 
is taken into account by the correction 
factor 1.02. 

3. The U.S. P. VIII method appears to 
yield only approximate results. It uses 
only nitric acid to destroy the brucine. 
The following possible reasons are suggested 
in explanation of the greater efficiency of 
the B. P. method over the U. S. P. VIII: 
(a) The tincture should not be evaporated 
to complete dryness; our experience shows 
that this is definitely a factor in the analysis. 
(6) The B. P. method for the destruction of 
brucine allows adequate time for the reac- 
tion to be complete, whereas the U. S. P. 
VIII procedure apparently does not. 

4. The fixed oil which occurs in tincture 
of Nux Vomica seems to be a very trouble- 
some factor in the U. S. P. XI method. In 
some of the samples, there appeared to be 
more oil present than in others. No ex- 
planation of this can be offered. Shaking 
out the combined chloroform solutions with 
dilute sulfuric acid as per the U. S. P. XI 
Interim Revision method is a decided im- 
provement over the original U. S. P. XI 
process. 

5. Cooling to —7° C. slightly decreased 
both the oil and the alkaloids in the tincture. 

6. The method of Beal and Hamilton (8) 
was difficult to perform. The removal of 
the fine precipitate of lead sulfide required 
much time and probably occluded some of 
the alkaloid, accounting for the decreased 
amount recovered. 

7. The procedure of Palkin and Watkins 
(9) was very satisfactory and easily per- 
formed. The contaminating extractive ma- 
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terial was precipitated by evaporating the 
acidified tincture and redissolving the resi- 
due in water. The results obtained by this 
assay were slightly higher than by other 
methods, due probably to the shorter pro- 
cedure. 

8. The use of potassium dichromate as a 
precipitating agent as suggested by Kolthoff 
and Lingane (2) was satisfactory for solutions 
of either strychnine or brucine salts alone, 
but not for mixtures of the two. Because 
of this nothing was done to adapt it to the 
tincture of Nux Vomica. 

9. Potassium iodide T.S., with or with- 
out the buffer solutions tried, is of no value 
as a quantitative precipitant for strychnine. 

10. Quantitative precipitation of strych- 
nine from solutions of its salts, and from 
mixtures of strychnine and brucine salts, by 
the use of normal sodium hydroxide was 
reasonably efficient. The discrepancies in 
percentage recovery of strychnine would 
probably become less with continued work in 
handling such small amounts of material. 

It is suggested that the principle utilized 
may be employed to good advantage with 
other alkaloidal drugs in which there exists a 
difficult problem of separation of two 
similar components. Elgazin (5) and Baker 
and Jordan (10) have already suggested 
applications of this type. 

11. A solution containing 0.1470 Gm. 
of strychnine sulfate in 100 cc. (0.1150 Gm. 
of strychnine) had a determined py of 5.79 
using a Beckman py meter. A _ brucine 
sulfate solution containing 0.1350 Gm. in 
100 ce. (0.1150 Gm. of brucine) had a py 
value of 6.1. The use of chlorphenol red, 
bromcresol purple and para nitrophenol as 
differential indicators proved unsuccessful. 

12. The approximate titration curves of 
brucine and strychnine were determined. 
A study of the curves shows why the indi- 
cators were unsuccessful, and also why 
buffers cannot be used. 
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Hydrogenated Oil as an 
Ointment Base. III. 
Potassium Iodide 
Ointment* 


By George W. Fierot 


Potassium Iodide Ointment of the N. F. V 
was prepared with benzoinated lard as a 
base. Even though the ointment contained 
one per cent of sodium thiosulfate, it soon 
developed a yellow color due to oxidation of 
potassium iodide to form free iodine. This 
is due to rancidity of the lard. In rancidity 
peroxides are formed; one test for rancidity 
is to shake the molten fat with potassium 
iodide solution—the liberation of free iodine 
being an indication of rancidity. Obviously, 
a potassium iodide ointment must be pre- 
pared with a fat which will not readily ran- 
cidify. The product of the N. F. VI over- 
comes this through the use of lanolin and 
petrolatum. The former may be allergic to 
some skins; the latter is said to be non- 
absorbent. 

Hydrogenation of oils, by reducing those 
fatty glycerides most susceptible to oxida- 
tion, results in a product which is less sus- 
ceptible to rancidity. These products, un- 
like petrolatum and wool fat, are true fats 
and by proper degree of hydrogenation may 
be obtained with almost any desired melting 
point. The hydrogenated oils used in these 





* Presented before the Section on Practical Phar- 
macy and Dispensing, A. Px. A., Atlanta meeting, 
1939. 
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experiments are more fully described in a 
previous paper (1). 
EXPERIMENTAL 


Ointments of potassium iodide were made ac- 
cording to the following modification of the N. F. 
formula: 


Potassium Iodide 10 Gm, 
Sodium Thiosulfate 1 Gm. 
Water 9 ce. 

Hydrogenated Oil 80 Gm. 


In order to obtain an accelerated deterioration test, 
the sodium thiosulfate was omitted in one series. 

The ointments were prepared by stirring the aque- 
ous solution with the molten fat until solid. The 
solid material was then placed in round-lacquered 
containers, 43 mm. in diameter and 9 mm. deep. 


These were exposed to light and air uncovered so as 
to obtain rapid deterioration. 

One series (1) prepared without sodium thio- 
sulfate was exposed (a) in diffused light; and (b) 
near a south window (March). A second series (2) 
prepared with sodium thiosulfate was exposed as 
above; the data are contained in Table I. 

Since the aqueous solution of potassium iodide 
does not readily incorporate with the fat, emulsions 
were prepared using the following formula: 


Potassium Iodide 10.00 Gm. 
Triethanolamine 1.00 Gm. 
Water 9.00 ce. 

Hydrogenated Oil 80.00 Gm. 


to 


Stearic Acid 25 Gm. 


The stearic acid was melted with the hydrogenated 
oil and the melted fat incorporated with a warm 


Table I.—Hydrogenated Oils in Potassium Iodide Ointment 


1. Without Sodium Thiosulfate 


(a) Diffused Light 


Hydro- 
genated Oil Iodine Value 2 Days 4 Days 6 Days 9 Days 13 Days 17 Days 28 Days 45 Days 
Peanut 73.3 0 T 1 2 3 4 5 5 
Soy Bean 70.3 0 0 0 0 0 0 0 0 
Cottonseed 66.7 2 3 4 5 5 5 5 5 
Sesame 57.7 0 0 0 0 0 0 0 0 
Lard 51.0 0 0 0 T 2 3 3 3 
Coconut 5.1 0 0 0 0 0 0 T x 
Control (1) 54.2 2 4 5 5 5 5 5 5 
(b) Direct Sunlight 
Peanut 73.3 4 4 5 5 5 5 
Soy Bean 70.3 2 2 3 3 4 
Cottonseed 66.7 4 4 5 5 5 5 
Sesame 57.7 0 T l 2 2 2 
Lard 51.0 2 3 3 4 5 5 
Coconut 5.1 1 1 2 2 2 2 
Control (1) 54.2 4 4 5 5 5 5 
2. With 1% Sodium Thiosulfate 
(a) Diffused Light 
Peanut 73.3 0 T = l l l l 2 
Soy Bean 70.3 0 0 0 0 0 0 0 0 
Cottonseed 66.7 1 1 2 2 2 2 2 2 
Sesame 57.7 0 0 0 0 0 0 0 0 
Lard 51.0 0 0 0 0 t 1 2 2 
Coconut 5.1 0 0 0 0 0 0 0 0 
Control (1) 54.2 0 0 T l 1 2 2 2 
(6) Direct Sunlight 
Peanut 73.3 “F 1 2 2 2 3 4 
Soy Bean 70.3 +7 T 1 l 2 2 2 
Cottonseed 66.7 2 2 3 4 4 4 
Sesame 57.7 0 0 0 T Z l 
Lard 51.0 l l ] 2 3 3 
Coconut 5.1 es 0 0 Zz 1 2 2 
Control (1) 54.2 ‘ 2 3 3 3 4 4 


Legend: (1) = Untreated lard; 0 = white; T = trace of color; 1-5 colors varying from pale yellow (1) todark amber (5). 
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aqueous solution of potassium iodide and triethanol- 
amine. An emulsion immediately formed; the 
mixture was stirred occasionally until cooled. 
Emulsions were also prepared containing 1 Gm. 
of sodium thiosulfate. Samples were exposed in the 
same manner as indicated in Table I. Data are 
shown in Table IT. 


The ointments were exposed to ultraviolet light 
for a period of 15 minutes with intervening periods 
of five minutes to prevent heating. Emulsified 
ointments yellowed by ultraviolet were practically 
colorless after standing in diffused light for 24 
hours; this was not true with the non-emulsified 
ointments. Results are shown in Table ITI. 


Table II.—Hydrogenated Oils Emulsified in Potassium Iodide Ointment 


1. Without Sodium Thiosulfate 
(a) Diffused Light 


Hydro- 


genated Oil Iodine Value 2 Days 4 Days 6 Days 9 Days 13 Days 17 Days 28 Days 35 Days 
Peanut 73.3 0 0 0 0 0 0 0 0 
Soy Bean 70.3 0 0 0 0 0 0 0 0 
Cottonseed 66.7 0 0 0 0 0 0 0 0 
Sesame 57.7 0 0 0 0 0 0 0 0 
Lard 51.0 0 0 0 0 0 0 0 0 
Coconut 5.1 0 0 0 0 0 0 0 0 
Control (1) 54.2 0 0 0 0 0 0 0 0 
(b) Direct Sunlight 
Peanut 73.3 z 1 5 5 5 5 
Soy Bean 70.3 - T 1 1 2 3 
Cottonseed 66.7 4 5 5 5 5 5 “ 
Sesame 57.7 0 0 T 1 1 2 
Lard 51.0 0 0 T 1 2 4 4 
Coconut 5.1 0 0 0 0 0 T 
Control (1) 54.2 0 5 6 5 5 5 oa 
2. With 1% Sodium Thiosulfate 
(a) Diffused Light 
Peanut 73.3 0 0 0 0 0 0 0 0 
Soy Bean 70.3 0 0 0 0 0 0 0 0 
Cottonseed 66.7 0 0 0 0 0 0 0 0 
Sesame 57.7 0 0 0 0 0 0 0 0 
Lard 51.0 0 0 0 0 0 0 0 0 
Coconut 5.1 0 0 0 0 0 0 0 0 
Control (1) 54.2 0 0 0 0 0 0 0 0 
(b) Direct Sunlight 
Peanut 73.3 T 1 3 4 4 4 
Soy Bean 70.3 0 0 2 2 2 3 
Cottonseed 66.7 0 T 1 3 3 4 
Sesame §7.7 od 0 0 0 0 =z 1 
Lard 51.0 fa 0 0 1 2 3 3 
Coconut 5.1 ve 0 0 0 0 0 0 
Control (1) 54.2 os 0 2 5 5 5 5 
Legend: (1) = untreated lard; 0 = white; T = trace of color; 1-5 colors varying from pale yellow (1) to dark amber (5), 


Ultraviolet Light—The source of light consisted 
of a mercury-quartz coil 17 cm. in diameter in a 
circular reflector 25.5 cm. in diameter. The light 
emitted was over 90% wave-length 2536 A. Sam- 
ples of ointment of potassium iodide prepared in 
the same manner as the previous experiments were 
placed upon a disk 23 cm. in diameter. The disk was 
placed 15 cm. from the quartz coil and slowly re- 
volved so that the light would be equalized. The 
temperature was but little changed, being not more 
than one degree greater than room temperature. 
Ozone, of course, was produced by the ultraviolet 
light. 


In order to determine the stability of emulsified 
ointment of potassium iodide, a number of emulsi- 
fying agents were employed in place of triethanol- 
amine stearic acid according to the following for- 
mula: 


Potassium Iodide 10 Gm. 

Water 9 ce. 

Emulsifying Agent = Ku ..... 

Hydrogenated Cottonseed Oil 
(I. V. 66.7) 


Duplicate ointments were prepared using lard (I. V. 
54.2) in place of the hydrogenated cottonseed oil 
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Table II1I.—Effect of Ultraviolet Light on Potassium Iodide Ointment 


1. Not Emulsifjed 
(a) Without Sodium Thiosulfate 





; Iodine 15 30 45 60 75 90 105 120 135 150 
Hydrogenated Oil Value Min Min. Min. Min. Min Min Min Min. Min Min. 
Peanut 73.3 T + + + + + + + + 
Soy Bean 70.3 - - _ Tz = + + + + + 
Cottonseed 66.7 Zz T + + + + + + + + 
Sesame 57.7 _ _ - - — _ _ a = 
Lard 51.0 _ - 7 + + + + + + + 
Coconut 5.1 = T + + + + + + + + 
Control (1) 54.2 + + + + + + + + + + 
(b) With Sodium Thiosulfate 
Peanut 73.7 -- - -- _ i Z 4 I 7 
Soy Bean 70.3 -- - -- - — - - — - 
Cottonseed 66.7 - — -- - - -- - - — T 
Sesame 57.7 - -- ~ - - — - _ _ o 
Lard 51.0 _ _ — - — — _ = — = 
Coconut 5.1 -- - - — - — - - _ _ 
Control (1) 54.2 - — — = T T T + a 
2. Emulsified 
(a) Without Sodium Thiosulfate 
Peanut 73.3 - = _ - T ey + x + + 
Soy Bean 70.3 — ~ - -- ~ - - - - 
Cottonseed 66.7 — T . T T T T T I  g 
Sesame 57.7 oa ~ — - —- - -- _ _ 
Lard 51.0 — _ - - — _ _ _ 
Coconut 5.1 — - ~- ’ — _ — - ~— — 
Control (1) 54.2 — T T + + + + + + ~ 
(b) With Sodium Thiosulfate 

Peanut 73.3 _~ — - _ T T T T r T 
Soy Bean 70.3 — - — — — - — — — _ 
Cottonseed 66.7 -- - — - - - - - - ~ 
Sesame 57.7 — — - - — _ — ~ - 
Lard 51.0 — - — — - - — 
Coconut 5.1 - - - - 
Control (1) 54.2 - - - - - - - 
Legend: (1) = untreated lard; — = white; T = trace of color; + = definite color. 


The following emulsifying agents were employed: 


(1) Triisopropanolamine, 1 Gm.—stearic acid, 
2.25 Gm. 

(2) Mixed Isopropanolamines, | 
acid, 2.25 Gm. 

(3) Castile Soap (Sapo, U.S. P.), 1 Gm. 

(4) Soft Soap (Sapo Mollis, U.S. P.), 1 Gm. 

(5) Borax (Sodium Borate, U.S. P.), 0.5 Gm. 


Gm.— stearic 


Samples were exposed in the same manner as pre- 
viously recorded; data are shown in Table IV. 

Nine different hydrogenated cottonseed oils ob- 
tained from various manufacturers (1) and having 
different iodine values were used as bases for potas- 
sium iodide ointment using the formula: 


Potassium !odide 10 Gm 
Water 9 cc. 
Hydrogenated Oil 80 Gm. 


The samples were exposed in the same manner as 
previously recorded; the data are shown in Table V. 

Since the results using commercial hydrogenated 
cottonseed oils of different manufacturers did not 
show a definite relationship between rancidity and 
iodine value, samples of the same lot of cottonseed 
oil were hydrogenated to various iodine values.! 
Ointments prepared from these samples in the same 
manner as Table V indicate a definite relationship 
between deterioration and the iodine value of the 
hydrogenated cottonseed oil. The data are shown 
in Table VI. 

The data in Tables I and II indicate that sesame 
oil hydrogenated to an iodine value of 57.7 is the 
most satisfactory of the hydrogenated oils employed. 
In order to determine if this is due to an inherent 





! The writer is indebted to the Research Depart- 
ment of Armour and Co. of Chicago for hydro- 
genating these samples. 
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Table IV.—Effect of Emulsifying Agents on 
Emulsified Ointment of Potassium Iodide 


1. Diffused Light 


Emulsifying First 3 12 18 35 
Agent Base Day Days Days Days Days 


Triisopropanol- HCO 0 0 0 0 0 
amine Lard 1 2 3 4 5 
Mixed Isopro- HCO 0 O 0 0 0 


panolamines Lard 0 O 0 0 0 
Soap HCO 1 2 2 2 2 
Lard 0 1 2 2 2 

Soft Soap HCO 1 2 2 2 2 
Lard 1 2 2 2 

Borax HCO 1 2 3 5 5 
Lard 0 O 2 4 5 


2. Direct Sunlight 


Triisopropanol- HCO 0 4 4 4 5 
amine Lard «ff 4 4 5 
Mixed Isopro- HCO 0 4 4 4 5 
panolamines Lard 0 8 4 4 5 
Soap HCO i off 4 4 4 
Lard 0 4 4 4 5 

Soft Soap HCO j--2 4 4 6 
Lard 0 4 4 4 6 

Borax HCO ive 4 4 5 
Lard 0 4 4 4 5 


character of hydrogenated sesame oil or to the fact 
that the iodine value was lower than any of the other 
vegetable oils except coconut, samples of the sesame 


oil were hydrogenated to different iodine values.* 
Ointments were prepared from these fats in the same 
manner as Table V; the data are shown in Table 
VII. 


SUMMARY 

Ointment of potassium iodide was pre- 
pared using six different partially hydro- 
genated oils as the ointment base. None of 
them deteriorated as rapidly as lard al- 
though the iodine value of lard (54.2) was 
lower than all except hydrogenated coconut 
oil (5.1) and hydrogenated lard (51.0). Qb- 
viously the extent of hydrogenation would 
affect rancidity and liberation of free iodine. 
The hydrogenated oils are listed according 
to their tendency to deterioration: Cotton- 
seed Oil (I. V. 66.7), Peanut Oil (I. V. 73.3), 
Soy Bean Oil (70.3), Lard (51.0), Coconut 
Oil (5.1) and Sesame Oil (57.7). 

Emulsified ointment of potassium iodide, 
using triethanolamine—stearic acid emulsifier, 
was more stable than mixtures using the 
same ointment base. The effect of the 
emulsifier was distinct; the emulsifying 
—_ The writer is indebted to the Research Depart- 


ment of Armour and Co. of Chicago for hydrogenat- 
ing these samples. 





Table Y.—Potassium Iodide Ointment with Various Hydrogenated Cottonseed Oils 





lodine Soft Diffused Light 








Direct Sunlight 




















Value Point 2 Days 5 Days 11 Days 28 Days 2 Days 5 Days 11 Days 28 Days 
66.7 36.3 2 3 4 4 4 4 5 5 
70.0 29.8 0 0 T 4 4 5 5 
66-69 39.4 0 1 1 1 0 1 3 5 
62.7 41.5 0 0 0 0 4 4 4 5 
62.0 35.7 0 0 T 7 4 4 5 5 
62.0 37.2 0 1 l l l 2 3 5 
57.9 41.8 0 0 0 T 2 3 4 5 
; 29.5 0 l l 1 2 3 4 4 
66.0 31.3 0 0 0 2 1 1 2 3 
Table VI.—Potassium Iodide Ointment with Hydrogenated Cottonseed Oils 
lodine ——Diffused Light-—-———_——_ a — Direct Sunlight —- + 
Value 2 Days 5 Days 11 Days 28 Days 2 Days 5 Days 11 Days 28 Days 
74.9 1 2 3 5 4 5 5 5 
70.7 T l 2 4 3 4 5 5 
65.9 T T 1 3 2 3 5 5 
59.5 0 0 T 1 1 3 4 5 
53.0 0 0 x l 0 1 3 5 
Table VII.—Potassium Iodide Ointment with Hydrogenated Sesame Seed Oils 
lodine —Diffused Light -- -“_— Direct Sunlight 
Value 2 Days 5 Days 11 Days 28 Days 2 Days 5 Days 11 Days 28 Days 
78.9 0 1 2 3 l 2 3 5 
73.3 0 sl l 2 T l 2 4 
69.8 0 0 0 0 0 T 1 4 
65.5 0) 0 0 0 0 0 T 3 
61.5 0 0 0 0 0 0 T 2 
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agents are listed according to their tendency 
to stability, using lard (I. V. 54.2) and hy- 
drogenated cottonseed oil (I. V. 66.7) as 
ointment bases: Mixed isopropanolamines- 
stearic acid, triisopropanolamine-stearic 
acid, soft soap, hard soap, borax. 

Using hydrogenated cottonseed oils of 
different manufacturers, there seemed to be 
no distinct relationship between the iodine 
value and melting point and the tendency to 
deterioration. 


Book Reviews 


The Elements of Physico-Pharmaceutical Calcula- 
tions, by M. L. Scurorr, A.B. Hons. (Cornell), 
M.S. (Mass.). Published by the U. P. Pharmaceuti- 
cal Association, Dept. of Pharmaceutics, Benares 
Hindu University. 281 + ix pages; 7'/. x 5. 
Price 8s. 6d. 

This book on physico-pharmaceutical calculations 
provides explanations and problems covering weigh- 
ing, solutions of electrolytes, indicators in acidimetry 
and alkalimetry, oxidation and reduction, oxidation- 
reduction potentials, electrolysis, solubility prod- 
uct principle, gravimetric analysis, the gas laws 
and gas analysis, and evaporation and distillation. 
There is also an appendix comprising tables of 
international atomic weights, the solubility products 
of some salts, ionization constants of some acids and 
bases, indicators in general use, vapor pressure of 
water, specific gravity of strong acids and bases, 
specific gravity of aqueous ammonia, and logarithms. 
The presentation of the subject matter is clear and 
concise and is believed to be admirably suited to the 
needs of students. It contains a goodly number of 
excellent exercises and should be appreciated by 
teachers as well as students.—A. G. D. 


Manual of Prescription Writing, by HaroLp N. 
WRIGHT. ii + 96 pages, 8'/, x 107/s. ‘“‘Mimeo- 
printed” with spiral binding. Burgess Publ. Co., 
Minneapolis, 1939. Price, $1.50. 

This small volume considers the prescription from 
various angles. There is a short historical introduc- 
tion followed by chapters on Latin nouns and ad- 
jectives, the form of the prescription, weights and 
measures and Latin abbreviations. The forms of 
medication are discussed and sample prescriptions 
are given. The book also discusses the laws govern- 
ing prescriptions for narcotic and hypnotic drugs, 
incompatibilities, errors and certain medico-legal 
aspects of the prescription. It is believed that the 
book will prove a worth-while addition to the 
pharmacist's library.—A. G. D. 


The Vitamins, by the Councils on Pharmacy and 
Chemistry and Foods, of the A. M. A. 
5I/, x 81 /,. 
1939. 


637 pages, 
American Medical Association, Chicago, 
Price, $1.50. 


On the other hand, there is a definite re- 
lationship between tendency to deteriora- 
tion and iodine value of the same oil hydro- 
genated to different iodine values. 

Hydrogenated sesame oil was found to be 
definitely superior to hydrogenated cotton- 
seed oil of the same melting point as a base 
for potassium iodide ointment. 
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A number of specialists in the field of nutrition 
have contributed to the writing of this volume and 
there are numerous bibliographical references and 
footnotes. It may be looked upon, therefore, as a 
source of authentic information on the vitamins. 
This book is a comprehensive discussion of the new 
food principles known as vitamins. The isolation of 
these principles and the synthesis of those which 
have been prepared by synthetic methods are dis- 
cussed in detail. This discussion includes sources, 
chemistry, physiology, therapeutic use and assay. 
Because of the voluminous amount of material 
published on the vitamins in recent years and be- 
cause this published information is frequently of a 
contradictory nature, the appearance of this book is 
most timely. It should be in the library of every 
pharmacist where it will serve as a source of re- 
liable information.—A. G. D. 


The Pharmacopeia and the Physician, under the 
sponsorship of United States Pharmacopeeia and 
the American Medical Association, by 24 outstand- 
ing authorities as authors. Flexible binding, 358 
pages, 4'/, x 7'/,. American Medical Association, 
Chicago. Price, $1.50. 

This volume is a compilation of the 24 articles 
published in the series of papers entitled ‘The 
Pharmacopeeia and the Physician’’ which appeared 
from time to time in the Journal of the Amertcan 
Medical Association from 1937 to date. There isa 
preface by Dr. Morris Fishbein in which the aims of 
the program are explained. Each of the 24 papers 
represents a rather complete and thorough discus- 
sion of the therapy of a certain disease or group of 
diseases and includes diagnoses, treatment and the 
drugs which may be prescribed. This is a useful 
little volume and should find a place in every 
pharmacist’s library and on the desk of every 
physician. A second series of these articles is now 
appearing in the Journal of the American Medical 
Association.—A. G. D 


Monograph on an Old Healing Plant, Solidago 
Virga Aurea L. Dissertation by Ro_tr GNEKowW, 
pharmacist of Hamburg-Wandsbek. A thesis sub 
mitted to the Institute of Applied Botany, Uni- 
versity of Hamburg, 1938. 
E. G. E. 


100 pages, illustrated.— 
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